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By A. W. Swanitz.* 

The project of the Alaska Central railway was 
conceived, about two years ago, by a number of 
prominent Northwestern men, under the advice 
of Mr. C. M. Anderson, C. E., of Seattle, who was 


Fig. 2. First Landing of Construction Force at Res- 
urrection Bay, Aug. 28, 1903. 


more or less familiar with Central Alaska and the 
feasibility of obtaining a practical line into the 
interior. Government explorations and geologi- 
cal surveys, under Mendenhall and Major Glen, 
had confirmed Mr. Anderson’s statement, not only 


FIG. 3. STARTING THE FIRST SAWMILL, NOV. 10, 1903. 


as to the feasibility of the line, but also as to the 
vast agricultural and unsurpassed mineral re- 
Sources of the country between Resurrection Bay, 
the Turnagain Arm country, the Matanuska, 

“Chief Engineer Alaska Central Ry. -Co., Seward, Alaska. 


Sushitna, Chulitna and Cantwell River valleys 
and the Tanana River. 

The principal questions to be solved were, first, 
an open-all-the-year-round harbor on .-the Va- 
cific Coast, grades practicable for economic haul- 
ing of ore and coal at a reasonable cost, and the 
governing passes of the Alaska Coast range and 
mountains east of Mt. McKinley. Accordingly 
eight engineer corps were placed in the field, un- 
der C. M. Anderson, Chief Engineer, two years 
ago, with instructions to obtain the solution to 
these questions by a preliminary survey from the 
Coast to the Tanana River. Their various reports 
fully confirmed previous impressions, showing a 
possible alinement almost due north from Resur- 
rection Bay; showing an unsurpassed landlocked 
harbor at the southern terminus, and a crossing, 
at Moose Pass, of the Coast Range, at a maxinum 
elevation of 900 ft., and a crossing of the moun- 
tain range east of Mt. McKinley, at Broad Pass, a‘ 
2,300 ft. maximum elevation. 

Again, their reports showed the wonderful re- 
sources of that country in placer and ledge gold 
fajas; in coal of superior quality, assaying from 
65% to 90% fixed carbon; in large outcroppings 
of copper ore; in tin and platinum on the upper 
reaches of the Sushitna River; in fertile valleys 
of grazing lands, and confirming the official re- 
ports of the Government agricultural stations 
showing that all of the vegetables of the northern 
temperate zone, grains and grasses were, and 
could be, raised in the interior valleys with equal 
success and results as in Michigan, Wisconsin and 
Minnesota. 

Encouraged by these reports, further prelim- 
inary capital was raised and the first actual con. 
struction party was landed at Resurrection Bay, 
under the writer, in August, 1908. Fig. 2 shows 


the landing of the first construction party at the 
beach of Resurrection Bay. Nothing was there 
to encourage newcomers but a great forest of 
spruce, hemlock, etc. To-day, after nine months, 
there is a town of about 900 inhabitants, with 


stores, electric light and telephone systems and 
all the appurtenances of a Northwestern railway 
and mining town. 

The original construction party, at landing, was 
provided with tools and supplies of all kinds, from 
a box of pills to a sawmill outfit; from calico and 
coffee to pile driving machinery. In short order 
the sawmill was set at work, and the first piles 
for the wharf were driven by Nov. 15 of last 
year. A small force of from forty to fifty men 
was kept at work, without interruption, every 
day of last winter. The daily record of tempera- 
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Fig. 7. Construction Train No. 1 at Fish River Flat, 
Mile 4. 

ture showed a minimum of — 1° F. on Feb. 6; an 

average of 30° F. in December, 28° in January, 

17° in February und 30° in March, and showed a 
maximum snowfall of 24 ins, 

The construction force was largely increased 


FIG. 5. LAYING FIRST RAILS OF THE ALASKA CENTRAL RY., 


APRIL 16, 1904. 


by the last of March, and a substantial wharf and 
warehouse, with pile trestle approach to the shore, 
was completed in April. The first rails of the 
Alaska Central railway were laid on the wharf at 
Seward, the southern terminus, on April 16. Since 
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then, regular construction work has: been ;4ished, 
under increasing pressure, with the resu?' that 
at the date this is written, July 12, seven r'iles of 
track have been laid, the first eleven m''es of 
grading have been completed and an add'tional 
twenty miles is under fair progress of coistruc- 
tion, as illustrated herewith. « 
Considering the distance of this enterpris¢ from 
the labor and supply market, its cost to date has 
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Fig. 1. Map Showing General Route of the Alaska 
Central Ry. 


been very reasonable indeed and much below the 
original estimates. On the first division of 25 
miles, twelve miles show an average per mile ot 
6,000 yds. earthwork, 80% grubbing and clear- 
ing; eight miles show an average of 10,000 yds. 
earthwork, 3,000 yds, rock and 85% grubbing and 
clearing; five miles show between 20,000 and 30,- 
000 yds. earth and rock work and 99% grubhing 
and clearing. The same averages hold fairly well 
of the first one hundred miles; the second and 
third hundred miles are much lighter; while the 
last 113 miles are again heavier work. 

About half the distance of the 413 miles passes 
through a heavily timbered country of spruce and 
hemlock, with some cedar, birch and Balm of 
Gilead trees. The other half traverses largely 
the grazing lands of the Sushitna and Chulitna 
valleys. 

The heavier construction work consists prin- 
cipally of sidehill cuttings. The cost of labcr 
has been firmly established, at this time, at 
$2.50 per day for all shovel work, grading and 
surfacing; at $2.75 for drilling and powder 
work; at $3.00 for bridge carpenters and 
steel men; and at from $3.50 to $4.00 per 
day for ‘oremen. Comparatively few teams 
are used on grading. Teams for logging, tie 
and sawmill work are paid, with driver, 
$6.00 per day; the cost of feed averages 98 c's. 
pe. team per day} drivers’ wages, $2.75; stable 
and harness repairs, about 21 cts. The cost of 
earthwork, under these circumstances, being 
nearly all pick, shovel and barrow work, has 
averaged to date about 17% cts. per yd; solid 
rock work, 72 cts, per yd, counting 20 cts. per 
yd. for cost of powder and its transportation. 

The character of the rock varies somewhat. 
Micaceous schist and slate seems to be prevailing. 
Auriferous quartz and limestone has been found 
in a number of cuts. 

The cost of bridge work has been found much 
below the general average and running as low as 
$2.95 per lin. ft. on pile bridging. The company’s 
sawmill furnishes 8 x 16 x 28 ft. stringers at $8 
per M.; piles are 1c. to 1c. per lin. ft. delivered, 


6 x 8-in. x 8-ft. ties cost 25 cts. delivered on the 
right of way. There is a superabundance of heavy 
timber within easy reach at nearly all points of 
the line. The Alaska spruce, used for piling, has 
been found of excellent quality and piles 100 ft. 
long, 10 ins. at the small end, and showing scarce- 
ly any effect at last hammer blow with a 3,0)0- 
lb. hammer, are readily procurable. 

The construction company is maintaining a 
large and efficient commissary, furnishing beard 
te its employees at $6 per week, but no employe 
is prohibited from keeping his own mess, and 
many of the smaller station men and subcontrac- 
tors claim that $4 per week covers all their ex- 
penses. The only labor difficulty and trouble ex- 
perienced so far is caused by frequent findings 
of rich placer gold locations. A large number of 
prospectors are constantly at work on creeks ani 
river tributaries within easy traveling distance. 
These men will come to Seward, the road’s south- 
ern terminus, with nuggets and gold dust often 
showing net earnings of from $8 to $15 per day 
with rocker and pan, and generally, after a pay- 
day, a not inconsiderable portion of the grading 
and tracklaying forces scatters to try prospecting, 
in hopes of big finds. About one in twenty will 
succeed, in a week’s time, in finding a good place, 
while the others straggle back, quite willing to 
rec&me the company’s shovel and pick. 

All things considered, there is a great future for 
thif railway. It will place the Yukon River, Nome 
ang Dawson and the great new mining district of 
the Tanana within five days easy travel of Seat- 
tle, Portland and Tacoma, as against 28 to 3) 
days now necessary for the trip. It gives easy 
acc,ss to central southwestern and southeastern 
Ala*ka all the year round, whereas, now, for five 
moi'ths of the year, the more remote regions of 
Ala*ka are inaccessible. It opens up what is un- 
dou'\tedly the greatest storehouse of mineral 
wea'th in the world and brings its resources with- 
in seach cf everybody, while the country’s mar- 
velcus scenic beauties and superb climate will 
ungiiestionably attract many sightseers, especial- 
ly during the summer months. 


A 80,000-VOLT, EXPERIMENTAL ELECTRIC 
TRANSMISSION LINE.* 


By A. C. Balch. 

Barly in 1903 a discussion arose regarding the proper 
insulators to be used on the then proposed Kern River 
transmission line, which was to be 125 miles in length, 
and to deliver at its terminal 10,000 HP. The copper had 
been determined for a working voltage of 45,000 at the 
power house, and 40,000 at Los Angeles with both lines 


with metal pins; the cross arms were painted with 
lic paint. 

For convenience the insulators here are referre) 
“Porcelain 3-14-29%%"'; the first figure being the ; 
of pieces, the second figure the diameter of the 
petticoat, and the third figure the creepage surface 
the actual surface distance between the wire and :) 
Stated in this way the insulators were as follows: 

Locke Porcelain 3-14-2914 

Locke Porcelain 3-11-28 

Locke Porcelain 3-11-27 

Locke Porcelain 2-11-25 

Locke Porcelain 4-14-35 

Locke Glass 2-11-23 

Provo Glass 1-9-16 

Muncie Glass 1-9-16\% 

Knowles Imperiab Porcelain 1-10-21 

Allen Special, composed of 2-story Provo 1-9.° 

single insulator being mounted on top of two 
with a cross piece supporting the upper insula 

On April 1 a line 16 miles in length, having three » 
mounted in triangular shape with a distance of 46 
between wires, was started up. The test continued » 
June 1. During this time all sorts of weather was 
perienced, including heavy fogs and light and heavy r 
falls. In one night 4 ins. of rain fell on the coun 
through which the line was built. 

The line ran east and west through the San Gab 
Valley, about one mile from the foot of the Sierra Maitre 
range and parallel to the same. 

During this test the usual experience of having no 4ai* 
culty whatever with new insulators was most prominent\y 
noted. 

There was an average voltage of 80,000 between two of 
the wires and the third wire. Only single-phase trans. 
formers were available, and these were two 40,000-volt 
transformers, which were connected in series with the 
center between the two grounded. Each transformer had a 
capacity of 250 KW. Two of the wires were connected 
to one of the outside terminals of these transformers and 
one to the other. The current transmitted to the line was 
measured with a standard ammeter, which was placed in 
the line wires and set on top of the line insulator. This 
ammeter showed no apparent tendency to become inopera- 
tive on account of static charge. The current to the line 
was approximately 3 amperes, and this did not vary more 
than 5% at any time during the test. 

The size of the wire was No. 4 B. & S. gage. 

A sharp rattling sound was in evidence, which seemed 
to be localized at points along the wire, varying from one 
pole length to a half pole length apart, but could never 
be placed. It is difficult to determine whether the noise 
actually shifted or whether it was an error due to the 
listener. At times it seemed as though objects extending 
up from the ground, like neighboring trees and poles 
standing in the line, made greater noise apparent in 
their locality, but this was not definitely found to be the 
ease. No danger could possibly have come to a lineman 
by his thinking the current was off when it was on, as the 
sound could easily have been heard a hundred yards from 
the line at any time. A native of the locality said that 
the line sounded like bees, and a great many of them. A 
reduction of 20% in the voltage practically stopped all the 

* noice, 
The line was luminous on a dark night or when look- 


MARCH 28, 1904. 


working. ‘Tho country about Kern River, however, hav- 
ing g’eat water powers available, it was quickly seen that 
a hiqher voltage would be desirable in order to carry 
more’ power té Los Angeles over the same line. Accord- 
ingly;Mr. W. G. Kerckhoff, president of the Pacific Light 
& Po‘ver Co., !nstructed that a test should be made of the 
variotts types of line insulators then on the market. 
Nip types of insulators were available for testing and 
each type wa* installed part with wooden pins and part 


*A\ paper p®esented before the Pacific Coast Electric 
Tran’mission Association at Monterey, Cal., June, 


r 


: FIG. 4. LOOKING DOWN FOURTH AVENUE TOWARD THE PIER, SEWARD, ALASKA, 
4 


ing toward a dark mountain on any night, and presente! 
the appearance of a stream of bluish light about 3 ins. in 
diameter for each line. This line did not show any nodes 
or extra brilliant points, but seemed to have exactly 
the same luminosity throughout its entire length. There 
was no extra intensity of brilliancy at the insulators 0: 
any other place, except at the tie wire on the top of glass 
ingulators it seemed to somewhat enlarge the luminous 
volume which appeared as a somewhat brighter point than 
the other portions of the wire. The single wire, however, 
was considerably brighter than vee other two, and cou!’ 
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one times and conditions of darkness when the 
ve § wires were not in evidence, although the glass 
wicott op the other two wires were in evidence. 
— iry times the luminosity was somewhat greater 
. s quently reported to be visible a half mile from 
3 tty } was seen on many occasions as far as a mile 
a e. The luminosity was of such a nature as to 


:minate the surrounding objects, which made 
»tible shadows. A camera set at the power 


4 
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Fig. 6. Pile Bridge Across Resurrection River Ready 
for Decking. 
(All piles and caps cut from timber on right of way.) 


house clearly showed ten spans of the single wire and 
showed three insulators on each of the poles in question. 
The telephone insulators on the first two or three poles 
were also evident in the photograph. 

A telephone line ran about 6 ft. below the lower cross 
arm, and this line was charged so that it would flow one- 
half ampere through 100 ohms; 1. e., it would light a 
22-e. p. lamp to half its full brilliancy when connected di- 
rectly between the combined telephone wires and ground. 
On onen circuit, however, either of the telephone wires 
would discharge a spirk 4 ins. long to ground terminal. 
In spite of this, however, the telephone was easily used, 
provided the operators were willing to chance the condi- 
tions of static charge. This was only tested by standing 
on insulated stools and not used for regular work. 

No difficulty was experienced in throwing the current 
on the line during a fog or in any other weather. 

One day after a Locke 2-11-23 was put on the line the 
outer piece was found to be split vertically through the 
top groove, but the inner piece held the voltage success- 
fully except for a small amount of arcing, which caused 
the patrolman to shut the line down the next day and re- 
place the Insulator. 

On April 18 a Knowles Imperial Porcelain 1-10-21 broke 
down and burned the top off the pole, making a short 
cireuit and shutting down the line. This porcelain insu- 
lator was split down from the top a little to one side of 
the center In a manner similar to that shown by the 
Lorke which had previously broken. 

On April 29 a Muncie glass 1-9-16% broke down, shut- 
ting off the test. This insulator also had a vertical crack 
as though it were split down from the top and parted 
through the threads letting it drop free from the pin. 

On May 21 a Knowles Imperial Porcelain 1-10-21 was 
broken off and carried away the top of the pole down as 
far as the second cross arm; the wires remaining clear 
until the arms fell, thus bringing the wires into direct 
contact. 

During the entire test three wires on the other side of 
the poles, spaced with the same 40-in. distance, carried 
a 3-wire 15,000-volt line which was doing regular bust!- 
ness and no difficulty whatever was experienced with it. 

The conclusions arrived at by this test were that all fs 
well while the insulatofs are new, or during any period 
when the insulators have no -dust which can become 
mixed with fog or moisture by weather conditions. 

No difference was experienced between wood and fron 
pins and in no case did the current short circuit from the 
wire to the pins over the insulators. 

The results pointed out to the Pacific Light & Power 
Co, were that It would be well enough to use a large 
insulator. Thelr general knowledge of porcelain led 
them to adopt for the Kern River line a brown porcelain 
and the insulators were made of four pieces. The insu- 
lator was not unlike the usual 15-in. Locke insulator, 
known as No, 829, The only difference between the Kern 
River insulator am@ the Locke No, 320 is that the inner 
Petticocts are spread somewhat im order to allow the com- 


pany to apply what they consider to be the cure for all 
evils. This cure, which was to keep the insulators in as 
good condition as new for an indefinite length of time, was 
to have the lineman climb the pole once or twice a year, 
varying with the local conditions, and wipe out the inside 
of the insulator thoroughly with a cloth in order to re- 
move the dust which might be collected there, at the same 
time inspecting the pole carefully. This, it is believed, 
will keep the insulators as good as new, and if they are 
so kept the company feels safe in assuming that 66,000 
volts will cause them no difficulty whatever. 


TENSILE IMPACT TESTS OF METALS.* 


By W. Kendrick Hatt.7 

INTRODUCTION.—In 1894 appeared Professor Merri- 
man’s interesting accountt of the state of knowledge con- 
cerning the capacity of metals to withstand suddenly 
applied loads. 

The author of the present paper wag stimulated thereby 
to investigate the relative behavior of materials under 
impact and gradual loading. As the greater part of 
our present knowledge of the mechanical properties of 
materials is bared on the results of tension tests under 
gradual loading, it seemed that the most direct com- 
parison would result from tests in tensile fmpact. A ver- 
tical tensile impact testing machine was therefore con- 
structed in 1897 and, since that year, experiments have 
been carried on in the Laboratory for Testing Materials 
of Purdue University, with the aid of a number of stu- 
dents whose patient and faithful services the writer here 
desires to acknowledge.|} Other matters of a more or less 
practical interest have of late engaged the author’s at- 
tention to the exclusion of these experiments. He is, how- 
ever, loth to abandon this field without recording part o? 
the results of the investigat'on, which, while incomplete, 
are nevertheless fairly definite in their indications. The 
results are interesting and may prove of use as a basis 
of correct thinking in relation to a matter which must 
have aroused the curiosity of many engineers who are 
concerned with the use of the materials of construction, 
and who have wondered if the static or gradual tests, now 
so universally used, give evidence of properties which fit 
a metal to withstand impact conditions. 

The results described below lead to the conclusion that 
the ductility and shock-resisting capacity of metals of 
normal quality are not less under impact loading than 
those disclosed by the static test. If the tests had been 
continued to include materials that had proven defective 
in service, evidence would no doubt have been obtained to 
determine whether or not some form other than the static 
test is necessary to detect these defects. It should be 


*A paper presented before the American Society for 
Testing Materials, at Atlantic City, N. J., June, 1H. 

Professor of Applied Mechanics, Purdue University, 
Lafayette, Ind. 

t'‘The Resistance of Metals Under Impact’’—Mansfleld 
Merriman, Proceedings American Association for the Ad- 
vancement of Science, Volume 43, 1894. 

The experiments form the subject matter of the follow- 
ing undergraduate theses: 


“Tests of Steel and Iron Rods Under Gradual and Impact 
Loading.”” L. V. Ludy and F. Nulsen—1898. 

“A Study of the Behavior of Metals Under Impact.” J. 
T. Nichols, J. W. Raub and T. G. Knauss—1s99. 
“Effect of Temperature on the Resistance of Iron and 

Steel to Impact.’’ W. E. Jewell and G. S. Eaton—1900. 
“A Study of the Resistance of Iron and Steel Under Im- 
pact.”” O. Klipsch and C. S. Johnson—1w1. 
““A Study of the Shock-Resisting Properties of Steel Cast- 
ings.”” J. S. Tatman and N. J. Wheeler—1902. 
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Fig. 8. Sidehill Work at Mile 11, June 1, 1904. 


noted that the speed of rupture of these tests corresponded 
to rupturing a tension bar that stretched 2 ins. in one 
one-hundredth of a second. 

Recent work in Germany and France points to the con- 
clusion that some form of impact test Is found necessary 
to detect faults of structure that are not evidenced by 
the static test. It now appears that flexural impact test 
upon a nicked test bar is the best instrument for this 
purpose. The many mechanical difficulties inherent in the 


Fig. 9. Some Natives of Alaska. 
tensional impact test should, in the writer’s view, pre- 
vent its use, especially in view of the fact that the flex- 
ural test is adequate to the purpose.* 

DEFINITIONS.—The term “‘rupture-work” {is taken to 
meen the work done in deforming a body to rupture, The 
area between the ordinary stress-strain diagram and the 
axis of deformations is a measure of this rupture-work. 
The latter term has often been replaced by the term 
“total resilience.”’ Strictly speaking, the term ‘‘resili- 
ence”’ refers to the elastic energy stored up in a body 
at any stage of deformation. 

“Unit rupture-work”’ is the rupture-work per unit of 
volume. Thus if a bar of steel %-in in diameter and 
8 ins. long is ruptured in tension as the result of a blow 
of a 5i2-lb. hammer falling from 5 ft., thereby bringing 
the hammer to rest, the total rupture-work wiil be 2500 
ft.-Ibs., and the unit rupture-work will be 1630 ft.-lbs. 
per cu. In. of metal. 

MACHINES AND TESTS, TEMPORARY APPARATUS. 
—Two different machines, both vertical, have been used 
in these tests. For the tests on the specimens of steel 
wire 9 ft. long (Nos. 1 to 4 in Table 2) a temporary 
wooden machine was constructed as shown In principle 
in Fig. 1, and in construction in Fig. 2. This apparatus 
for producing longitudinal impact in tension was mod- 
elled after an apparatus used at Cornell University by 
Mr. Charles W. Comstock in impact tests of steel wire 
rope during 1898.¢ The principle therein employed, by 
which the hammer ig hung on the specimen and impact 
is effected by sudden arrestment, during the fall, of an 
upper moving head, also fixed to the specimen, has been 
used in France in certain foundries. 

In Fig. 2 may be seen the arrangements for hanging 
the hammer on a head which is fixed to the lower end 
of the test specimen by wedges. A similar head ts fixed 
to the upper end of the test specimen. ‘The writer im- 
proved this form of apparatus by supplying a rotating 
drum (D, Fig. 1), upon the surface of which a pencil, at- 
tached to the hammer, records a curve during the impact. 
The vertical ordinates to this curve, called a time-displace- 
ment curve, are the movements of the hammer; and the 
horizontal abscissae are proportional to the speed of the 
surface of the drum. The latter speed is known from 
the record of a vibrating tuning fork, held against the 
drum. The velocity of the hammer may be computed 
from the drum record at any stage of descent. . 

In operation, the system (Fig. 1), consisting of ham- 


*For an account of the state of knowledge relating to 
impact tests and for a bibliography of literature, reference 
is made to the following: 

American Section, International Association for Testing 
Materials.—Bulletin No. 5, October, 1899. Report of 
Committee on Present State of Knowledge Concerning 
Impact Tests.—W. K. Hatt and Edgar Marburg. 

Bibliography on Impact Tests and Impact Testing Ma- 
chines.—Proceedings American Society for Testing Ma- 
terials, Volume II., page 283.—W. K. Hatt and Edger 
Marburg. 

¢Traps. Cornell Soc. C. E., Vol. 189. 
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mer, M, specimen B, and upper head C, is raised. Upon 
release, and subsequent descent, the upper head has im- 
pact upon a stop on bridge P, and the energy of the 
moving hammer thereby ruptures the test specimen. The 
pencil attached to the hammer is automatically released 
before the impact occurs, and the above mentioned record 
is thereby written on the surface of the drum. 

The energy remaining in the hammer after the rupture 
o’ the test bar is computed from a measurement of the 
velocity of the hammer at the time of rupture. This 
latter velocity is obtained from the slope of a tangent 
in the velocity-displacement curve. 

PRINCIPLE OF ACTION.—As the discussion of the 
method of determining that part of the energy of the blow 
which is given up to the specimen will apply to the 
second machine described below, it is well to introduce 
the discussion here. 

Fig. 3 is a representation of the record on the drum, 
and ig thus explained: 

With the upper head resting on the stop and the ham- 
mer hanging on the specimen, the pencil attached to 
the hammer is allowed to rest against the drum. The 
latter is rotated, and a datum line O O’ Is thereby traced. 
Any subsequent movement of the pencil below this line 
represents an elongation of the test specimen together 
with any yielding of the parts of the apparatus. 

The system, consisting of hammer, specimen and upper 
head, is then hoisted and released. During the subse- 
quent fall, the pencil attached to the hammer records on 
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Figs. 1 and 4. ' Diagrams of Temporary (Wooden) 
and Permanent (Iron) Machines for Testing Ma- 
terials in Tensile Impact. 


the revolving drum a parabola of free fall, A B. When 
the upper head has impact on the stop (P, Fig. 1) 
a retardation of the hammer is effected through the 
reaction of the test specimen. The curve B C is the rec- 
ord of the effect of the impact in retarding the hammer. 
The specimen is ruptured at the point C, and the record 
is then another parabola of free fall C E. 

T T’ is the record of the stylus fixed to the vibrating 
tuning fork, which is held against the drum during the 
impact. 

The use of this drum record in computing the desired 
quantities depends upon the following considerations. 
Neglecting, for the present, losses of energy due to fric- 
tion and yielding of the parts of the apparatus, let us 
suppose that the hammer falls from the point of release, 
a height, h + h’, to some point D taken on the parabola 
of free fall subsequent to rupture. (The peint C might 
have been selected, but the selection of the point D 
offers more favorable conditions for graphica: work.) The 
entire quantity of work represented by the product of the 


1.- “omparison of Rupture-work as Obtained from 
1.~@ ad Elor ation Diagram, and I1.—End-Tangent Method. 


(Tens!':: Impact Tests of Annealed Steel Wire.) 
Annealed Steel Wire. 
Area of Section. .055 sq. in. 
TEST A. 
Gay% length ! “ ins. Drop57 ins. Wt. of hammer 845 Ibs. 


Diegoter, in. 


Rupture work Rupture work 
No. ot “0 by diagram. by end tangent. 
Ft. lbs. percu.in. Ft. Ibs. per cu, in. 
: 1 , 685 683 
24 715 699 
3 521 448 
4¢ 527 528 
5 453 
Gag length ins. Drop 7Oins. Wt. of hammer 845 lbs 
6° 596 
655 626 
8 615 6038 
9 610 626 
A 10 645 673 
: TEST B. 
Ga ake length 59 ins. Drop 38ins. Wt. of hammer 845 lbs. 

1 571 
‘ 2 72: 723 
3 613 623 
4 720 737 
5 590 605 
665 633 


weight of the hammer G into the distance h + h’ is ac- 
counted for; 


(1) By the work expended upon the resistance of the 
test specimen during elongation; 

(2) By the energy remaining in the hammer at D, 
or, in the form of an equation, 

G (h + h’) = Work on test bar + ', M V%,. 

M = Mass of G. 

V4 = Velocity at D. 

The quantity 44 M V*, may be considered as replaced by 
the quantity Ghqa where hq equal the velocity head at D. 

G (bh + h’) = Work on test bar + Ghq 

Or, Work on test bar = G (h + h’ — hg) 

This sum, h + h’ — hg, may be considered as the effect- 
ive distance through which the hammer falls in rupturing 
the test bar. 

Evidently it is necessary to measure the velocity Vd 
in order to obtain the desired rupture-work of the test 
bar. 

This velocity is obtained by drawing a tangent U U at 
D and measuring the relation of the vertical to the hori- 
zontal projections |’ and 1”, i. e., the relation of the 
velocity of the hammer to the velocity of the drum. The 
latter velocity is obtained from the tuning fork record. 
The duration of the impact will be the distance 1” ex- 
pressed in seconds. 

Thus to take an example from the test records: 


Test No. 96. 
Observations: 
Tuning fork; 126 vibrations a second. 
7 vibrations in 7.5 i. of dru 
I’ = 2.06 ins.; 1” = 3 ins.; h’ — 1.6 ins.; h =7 ft. 
Calculations: 
Velocity of drum = 11.25 ft. per sec. 
Velocity of hammer at D = 11.25 x 2.05 + 3 <= 7.78 
ft. per sec. 
Velocity of head at D = 0.945 
Rupture-work = 515 (7.133- 0945) == 3.186 ft.-lbs. 
The volume of the bar under test was 1.63 cu. ins.; 
hence the unit rupture-work equals 3,186 + 1.63 
= 1,950 ft.-Ibs. per cu. in. 


This calculation neglects the friction of the guides, and 
other losses of energy due to the deformation of parts of 
-the apparatus. As far as the friction of the guides dur- 
ing the greater part of the drop is concerned, this may 
be eliminated by drawing a tangent J J’ at B. In all the 
tests made with the first temporary apparatus the vel- 
ocity head at B, computed from tangent J J’, was used in- 
stead of quantity h, thus eliminating the friction in the 


guides as far down as B. There were oth-- 
energy in this temporary machine, namely. 

,(a) At striking surfaces of upper head: 

(b) Deflection of bridge; 

(c) Slipping of wedges; 

(4) Compression of heads of specimen: 

(e) Pile action of the whole machine: 

(f) General vibrations. 

(a) The striking faces were metal and after lete 
series of tests had been completed no noticeab). 
had occurred at these surfaces. Therefore, +) 
have been little lost work in any one test. 

(b) The total elongation of the specimen wa: eral 
12 to 14 ins., and the greatest observed downws 
ment of the bridge was nearly %-in. This wo. 
an error of between one and two percent in ruptu:. 

(c) and (4) The wedges were driven tight wiih 
hammer before impact occurred, thus taking ur 


of 


x 
ope Detail of Hammer. 
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Fig. 2. Temporary Tensile-Impact Testing-Ma- 
chine; Sketch at Right Shows Method of Fast- 
ening Hammer to Lower End of Test Specimen. 


vance any compression of the heads of the specimen and 
preventing slipping of the wedges. 

(e) and (f) These cannot be measured. The writer 
assumes that the energy represented by vibrations is 
small. 

In the case of the long rods in which the elongation 
was as much as 14 ins. there was an opportunity to 
divide the curve B C into a number of parts. At each 
division point a tangent was drawn. The loss of velocity 
at the successive stages was computed from the observed 
change of slope of these tangents. Then the force neces- 
sary to account for the loss of velocity between the divi- 
sion points was computed by the principles of dynamics. 

Let P = Retarding force in pounds. 

p = Acceleration of hammer. 
G = Weight of hammer. 
T = Total tensional force in specimen. 


Gp Gp 

—T= —,orT=G— — 

& 
In this manner the tension in the specimen was com- 
puted at various stages of elongation, and thus a ‘‘load- 


T4BLE 2.—Showing Comparative Tests Under Gradual and Impact Loading in Tension. 


Gage Ultimate No. 


No, of Material: Diam. length, test- 
test. ins. ins. Ibs. per in, ed. 
1 Steel wire...... 0.16 48 

108 
2 Steel wire, an- ‘10 48 
nealed ..... 108 
as 
3 Steel wire...... 0.380 72° 
108 
4 Steel wire...... 0.26 108 
108 
* 
Nickel steel.... 0.50 
8 
6 Soft steel. 
7 Boiler plate steel 1. oo 8 60,000 19 
O50 8 
Ss Soft steel castings 0.50 2 62,000 "5 
Hard st. castings 0.50 2 82,000 ad 

10 Locom. tire steel 0.62 140,000 30 

60,000 30 

11 Norway iron..... 0.305 72 63,000 1 

3 


—-Rupture-work ,—— 


ft-lbs. per cu. in. 
Max. Min Aver. Max. Min. Aver. 
O71 0.48 0.59 144 130 136 

1.00 0.42 0.70 208 165 186 

11.00 8.70 9.80 803 648 772 
8.00 6.00 7.00 554 534 

15.80 12.80 14.10 865 690 742 

15.60 12.00 13.60 903 515 7 

4.64 4.62 4.63 349 347 348 
7.00 4.00 5.10 699 443 556 
7.00 5.00 5.80 673 596 626 


29.50 26.50 28.20 1,666 1,342 1,450 


35.00 31.00 88.00 2,080 2.815 
30.00 «8.00 2,000 
37.00 3.00 1430 5,650 890 2,918 
1940 18.10 727 550 656 


Gradual Loading Referred to Impact Loading as Unity. 


— —Rupture-work ,—— 


Kind of on %. ft.-lbs. per cu. in. 
test. Max. Min Aver. Max. Min. Aver. 
Gradual 0.71 1.1 4 0.84 0.67 0.78 0.74 
Gradual 1.00 1.07 1.04 0.95 1.34 0.96 
Gradual 0.66 0.92 0.79 0.51 0.58 0.55 
Impact sees sees sess 
Gradual 0.90 1.06 0.98 0.67 1.13 OTT 
Gradual 0.83 0.94 0.83 1.05 1.04 1.01 
0 Gradual 0.78 0.79 0.74 0.67 0.64 0.62 
0.84 0.85 0.85 0.67 0.64 0.62 
Gradual 0.81 1.00 0.91 0.35 0.23 0.33 
Gradual 1.03 0.98 


Impact 0.81 0.97 0.90 6069 0.79 0.77 
Except where noted impact tests were made-with one blow at atmospheric temperature on test Ln +¥ of same length as used in gradual tests. é 
The elongation is that.after rupture (measured fram broken ends). The rupture-work is that up to rupture. 
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¢ ‘iagram”’ was constructed for the impact tests 

gel The evaluation of these diagrams should 
:- re me amount of rupture-work as that obtained 
= coms outlined above, namely, the process in 
beg velocity head after rupture was computed, 
—_ t End Tangent Method.’’ The accompanying 
— 1 _ comparison of the unit rupture-work obtained 
the tw methods. 

The ¢ -ments performed on this temporary appara- 
tus incl (ne following: 


ay A es of comparative tests of long steel and iron 
rods ur slow and impact loading—1898. 


A 


f 


Enc. News. 


00'= Zero datum line. 

AB = Free fall before rupture. 

pC =Curve during Impact Elongation. 

CE=Free fall after rupture. 

UU = Tangent to curve of free fall. 

bh =Height of fall. _ 

bh! =:height from datum to point D, where tangent is 
drawn. 

Fig. 3. Autographic Record and End-Tangent 


Method of Analysis. 


(2) A series of tests of steel wire of different lengths, 
and the determination of the effect of temperature on . 
tests of wrought iron—1899. 

In these experiments the weight of the hammer varied 
from 845 to 1230 Ibs., and the greatest height of fall was 
6 ft. 

In Table 2 the material under the reference numbers 1, 
2, 3, 4 and 10 was tested on this temporary apparatus. 

PERMANENT MACHINBE.—The experiments performed 
on the temporary apparatus were success{ul enough to 
enccurage the construction of a more permanent machine 
in metal. This machine has been described elsewhere in 
detail,* and will in this place only be described in gen- 
eral. A drawing of the machine was shown in Pngineer- 
ing News of Jan. 3, 1901. The permanent machine is sim- 
flar to the temporary apparatus in principle (see a com- 
parison in Figs. 1 and 4). Better adjustment for short 
specimens is brought about by dispensing with the bridge 
(P in Fig. 1) and constructing the upper moving head co 
as to span the distance between uprights as shown. This 
upper head or yoke is stopped directly by the lower sec- 


mortar is disposed between the bed-plate and the plier. 
The machine is also available for compressional tests. 

An estimate was made of the energy lost in the various 
parts of the apparatus, thus: The parts of the apparatus 
that could be operated upon were loaded in a static test- 
ing machine and the consequent deformations observed. 
For example, the upper and lower yokes were placed in 
a statical testing machine with test bar and wedges at- 
tached and the deformation obtained under various central 
loads. From these observations the amount of energy 
absorbed by the upper or lower head at any given de- 
flection could be computed. It only remained to observe 
the actual deflection which took place in these heads 
under the impact test to obtain a knowledge of the loss 
of energy corresponding to deflections of these heads in 
service. In this manner the main losses of energy could 
be estimated quite closely. The losses of energy at the 
striking surfaces cannot well be measured in any one test, 
but we may obtain some estimate of their amount by ob- 
serving the cumulative effect at these striking surfaces 
after a long series of tests. The friction between the 
hammer and the guides can easily be measured either 
by statical methods or by finding the loss of velocity at 
different stages of the descent. The value of the accelera- 
tion of gravity measured by dropping the hammer and 
determining its velocity ran from 31.7 to 32.0 ft. per sec. 

The author estimates the losses in this machine as fol- 
lows, when tension bars of soft steel are tested: 

At the upper and lower head, due to the deflection of 
the yokes 7 to 11 ft.-lbs. Friction of guides 8 ft.-lbs. At 
wedges, 0. For a total energy of blow 2,000 ft.-lbs., the 
energy not chargeable to specimen is less than 1%. 

It may be gaid, with reference to loss of work due to 
the slipping of the wedges or compression of the heads of 
the specimen, that, before testing a specimen, the top 
wedges were driven tight with a sledge hammer and the 
bottom wedges pinched with a bar. Careful observations 
showed no slipping of the wedges due to the impact. 
What the losses of energy are at the striking surfaces 
of the upper head, and due to the vibration of the entire 
apparatus, etc., the writer cannot say. But since no 
permanent deformation seems to have resulted after some 
hundreds of tests, one must reason that the first of these 
is small. 

In conclusion, the author believes that the uncertain- 
ties of the measurement of the amount of energy taken 
up by the specimen are small compared with the ordinary 
differences of quality ag displayed under static tests of 
adjoining specimens in any rod or plate of even normal 
quality. The results obtained on this machine may, 
in the author's opinion, be relied upon for all practical 
purposes. The author does not share the feeling of those 
who would disregard the use of impact tests because of 
the small losses of energy that cannot be accounted for. 
This machine also serves as a laboratory apparatus for 
instructional purposes. Not only is the student im- 
pressed with the phenomena of rupture, but the observa- 
tions and calculations bring home to him the mechanical 
relations of work, energy, etc. 

In the experiments with this permanent machine, the 
weight of the hammer varied from 515 to 870 Ibs., and the 
greatest height of fall was 6 ft. The work performed 
with the aid of this machine includes the following: 


The four upper specimens show the phenomenon of multiple necking In ordinary impact tests. 
The four lower specimens were subjected to freezing along the center portion before and during fracture. 


FIG. 6. IMPACT-TEST BARS SHOWING DOUBLE 


NECKING, AND EFFECT OF FREEZING CENTER 


PORTION. 


tions of the columns. The details of attachment of the 
Weight, recording apparatus, hoisting mechanism, etc., 
Were as perfect as possible. The parts were designed to 
rupture, in one blow, a test specimen of soft steel %4-in. 
in diameter and 8 ins. between heads. Ordinarily the 
blow delivered is about 3,500 ft.-lbs. The machine rests 
on a brick foundation 5 ft. x 5 ft. x 6 ft. deep, laid in 
natural cement on undisturbed gravel foundation. The 
Upper four courses are of paving-brick in Portland ce- 
ment. A %-in. bearing bed of 1 to 1 Portland cement 
gee ineoring News, Jan. 3, 1901, or Nouveaux Appareils 


«Congress International des Methodes d’Essai, 
Paris, 1900, Vol. 1, p. 507. 


Tests of nickel steel and soft carbon steel in tension un- 
der gradual and impact loading. Effect of speed of ap- 
plication of a given amount of energy. Effect of tem- 
perature on the resilience of soft and nickel steel—1900. 

Tests of steel castings in tension and flexure. Tests of 
cast fron in flexure. Tests of concrete under impact and 
com pression—1901. 

RESULTS. 

COMPARISON OF IMPACT AND STATIC TESTs.— 
One of the first matters of interest is the relative be- 
havior of material under impact and slow loading. It 
is also important to know how far the ordinary static 
test will yield information of the relative shock-resist- 


ing capacity of various materials. Table 2 is a tabulation 
of results of such comparative tests. 

It appears from the results given that in the case of 
normal soft material, in bars of circular cross section, 
of lengths from 9 ft. to 8 ins., tested at ordinary tempera- 
tures, there is little difference in the total elongation and 
unit rupture-work whether the bar is ruptured in ten 


minutes or in from one to two one-hundredths of a 
second. The only marked point of difference in the static 
and impact tension test of soft materials of greater 
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The upper bar of each pair was broken by Gradual Load- 
ir 


The lower bar of each pair was broken by Impact Load- 
ing. 

Fig. 5. Test-Bars Broken Under Gradual and Impact 

Loading in Tension. 
lengths is that under impact any lack of homogenity of 
material is brought more into evidence. There is a tend- 
ency in non-homogeneous materials under impact to local- 
ization of the elongation of a test bar at various points in 
the gage length, so that the latter consists of nodes of 
ductility. After rupture the bar may have a number of 
incipient necks. In many cases two distinct necks are 
formed, as is shown in Fig. 6. The effect may be noticed 
in static tension tests, but not, in the author’s experi- 
ence, to the same degree as in impact tests. There ig also 
a tendency, under impact, to localization of elongation 
near the wedges. 

A marked difference between the results of gradual and 
impact tests may be noticed in case of short bars of 
steel castings and of tire-steel and coupons from boiler 
plate. There is a greater elongation and unit rupture- 
work under impact in the case of soft steel castings. 
_But in the case of the harder steel, like tire-steel, the in- 
crease in unit rupture-work is disproportionate to the 
increase in elongation. This is partly due to the fact that 
there is considerable metal between the gage marks and 
the wedges in these steel castings, whereas the unit 
rupture-work is computed on the basis of the volume 
within gage marks. 

The tests cover a range from soft steel castings to 
hard tire-steel,, and a range of gage length from 2 ins. 
to 9 ft. All comparisons, however, made between static 
and impact tests of any one material are based on bars 
of the same gage length for the two kinds of tests, and 
represent tests in which the bars were broken in one blow 
except as where noted. 

Table 2 shows the quality of the material and the aver- 
age, as well as the maximum and minimum values ob- 
served. The comparison of the two kinds of tests given 

y Table 1 is graphically shown in Fig. 7, in which both 
axes are equal scales of the same kinds of quantity; if 
there were no effect of speed the ‘plotted points would lie 
on the 45° line drawn on Fig. 7. Comparison of averages 
is plotted as a point, and also the comparison of the maxi- 
mum values and the comparison of the minimum values. 
The elongation is always that obtained by measurements 
on the broken ends of the test bars. The rupture-work 
for the gradual tests was worked up from observations 
taken on specimens. In the case of long rods and very 
short rods this was done by direct measurement, and in 
the case of specimens of 8-in. gage length the rupture- 
work was obtained by the use of the Henning Pocket 


Recorder. An exception must be made in the case of tire 
steel. 
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TABLE 3.—Soft Steel Castings, 2-in. Gage Length. 


Kind Number — ~Rupture-work—-——-— ——Contraction 
of test, tested, Aver. Max. Min. Aver. Max. Min. Aver. Max. Min. 
Gradual 5 28.2 29.5 26.5 1.450 1,666 1,542 46.0 54 40 
Impact 5 33.3 35.0 31.0 2,315 2.440 2,080 44.2 40 40 

TABLE 5.—Locomotive Tire Steel. 
Number ——-Elongation in per cent Rupture-work in ft. Ibs. per cu. in. Kind of 
tosted. Max. Min. Aver. Max. Min. Aver. test. Carbon, 
13.0 3.0 5.90 3,920 904 2,403 Impact Above 0.70 
4 28.0 13.0 19.20 Gradual Above 0.70 
23.0 10.0 16.50 4,170 2,200 3,272 Impact annealed. 
22.5 17.5 20.60 5 650 1,500 4,000 Impact not annealed, 


NOTE :—The Gradual results in table 5 are taken from mill reports. 


It has been said in a previous paragraph that the 
elongation is always that obtained by measurements on 
the segments of the broken test bars. The rupture-work 
is, of course, the total rupture-work up to the point of 
rupture. In the case of these long rods there was a 
noticeable difference between the elongation of the rods 
as shown on the drum record and the elongation as deter- 
mined by laying the broken ends of the specimen together 
and measuring the increase of length between the gage 
marks. This difference is too great to be accuunted for 
by the supposition that the increased elongation 4s shown 
on the drum is due to the yielding of the parts of the 
apparatus, The difference is no doubt due to the elastic 
stretch at rupture and cubsequent recoil upun the break- 


impact Loading. 


10 
2 Comparison of Averages @ 
4 of Maxim My. 
| in, 
10 eo 30 40 50 


Gradual Loading 


End News| 
2 4 6 8 WO l2 14 16 18 20 22 24 26 2B 30 32 34 
Gradual Loading. 
The upper diagram is for Elougation. The lower dia- 
gram is for Unit Rupture- Work. 

Fig. 7. Comparative Elongations and Unit Rupture- 
Works, Gradual and Impact Loading in Tension. 
ing of the bar. For instance, in No. 2 annealed wire 
(sce No. 4, Table 2) the total elongation after rupture on 
broken test bar was, on the average, 5.46 ins, and the 
elongation shown on the drum just before rupture was 
7.28 ins. This phenomenon was also notced in the slow 
tension tests on the same material. Twenty-eight impact 
tests of annealed wire show an average difference be- 
tween the elongation before and after rupture of 0.18 ins. 
per foot of length of bar. Six tension tests under gradual 
loading gave an average between these two measurements 
of elongation of .055 ins. per ft. The difference between 


Gage- Length. 


Tensile Impact Tests. 
——Machine steel._——. ——Soft steel.—— Annealed steel 
wire. 
Gage Elong- Rupture- Elong- Rupture- Elone- Rupture- 
length. ation. work. ation. work. ation. work. 
3-in. 100 100 


4.5-in, 98 89 & 
5-in. R3 82 
5.5 in 77 66 
6-in. 92 
6.5-in, 104 93 
7-in. 89 79 
8-in. 84 738 os 
12-in, 23 50 
18-in 64 
19-in. 70 60 
23-in. 57 
25-in. 61 56 
25.5-in. es 18.5 36 
26-in, ae 18.5 32 
108-in. 15 25 


Results are based on the value of 3-in. gage length as 109° 


times as great in the case of impact tests ag in the case 
under gradual loadirg. In the case of harder steel wire 
this difference between the two elongations was 0.12 ins. 
per ft., a.d was the same in gradual and impact tests. 

In the case of the tire-stcel the rupture-work was com- 
puted from a knowledge of the results of static tests by 
substitution in a well-known formula which gives the 
approximate rupture-work. This formula is as follows: 


Ruture-work = + 
300 
Where e is the percent of elongation at rupture, T’ is the 
elastic limit, and T” is the ultimate strength. 

The rupture-work of steel castings under gradual load- 
ing was also computed by the application of this formula 
to the results of gradual test made some time before in 
the laboratory by the writer, on bars of the same heat 
number. In order to check the application of this for- 
mula to steel castings of 2-in. gage length aad %-in. in 
diameter, a special series of tests was made on this ma- 
terial. The actual measurements during elongation were 
taken on 2-inch gage length and the stress-strain diagram 
therefrom resulting was evaluated in order to obtain tne 
rupture-work. The actual measurement of rupture-work 
was compared with the results from the upplication of 
the formula given above. This showed that the formula 
applies with a small limit of error. 

Information is given in Tables 3, 4, and 4 more in de- 
tail concerning the properties of steel castings and loco- 
motive tire steel under impact. Table 3 shows a special 
compérison of five soft annealed stecl castings of a fine 
silky fiber uncer impact and gradual loading, when 
broken with one blow of a 5S80-lb. hammer, falling 
through an effective distance of about 1.4. ft. Table 4 
gives the average properties of steel castings of different 
character as shown by the appearance of fracture. Table 
5 gives detail information of the same kind with respect 
to locomotive tire steel. 

The material in Table 2 is described as follows: The 
steel wire specimens were cut from one length of wire 
which was either annealed or not annealed as indicated. 
This wire was supplied by the Trenton [ron Company. 
The nickel-steel was sent from the Carnegie Steel_Com- 
pany and was from one heat and roiling. Analysis as 
follows: 


per cent. 
0.60 
0.028 


The soft steel was purchased on the market in the form 
of rods of 16-ft. length. The boiler plate specimens were 
coupons from plates rolled for a single order to be used 
in locomotive boilers. Steel castings were machined cou- 
pons which were cast on the rims of locomotive driving 
wheel centers, and were generally annealed. They were 
supplied by the Peru Steel Casting Company, Peru, Ind., 
from heats selected by the writer on the basis of static 
tests. The locomotive tire steel was sent from the mill 
of the Standard Steel Works. The static tests on the tire 
steel were derived from the mill reports. The comparison 
quoted includes bot! annealed and unannealed bars. This 
comparison of tests on locomotive tire steel is somewhat 
unsatisfactory in detail for the reason that some of the 
bars are annealed and some not annealed. The average, 
however, is significant. 

THE EFFECT OF VARIOUS FACTORS ON THE RE- 
SULTS OF IMPACT TESTS. 

GAGE LENGTH.—In static tests both elongation and 
rupture-work increase with diminished gage length. The 
effect of change of gage length upon the results of impact 
tests was investigated in order that results might be 
reduced to a common basis when bars of varying gage 
length have been tested. Three different kinds of ma- 
terial were used. Series A consisted of a number of 
bars machined, varying in gage length from 2% ins. to 
14% ins. The specimens were all broken with one blow 
of a hammer weighing 515 lbs. These specimens were 
machined from rods to a section 54-in. in diameter. 

Series B consisted of rough soft steel bars, 5-16-in. 
diameter varying in gage length from 11 ins. to 25 ins. 
Series C consisted of specimens of annealed steel wire 
varying in length from 12 to 108 ins. The results are 
shown in Table 6 

The contraction of area seemed not noticeably affected 
by the gage length, but it is very evident that the unit 
rupture-work and percent of elongation increace as the 
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TABLE 4.—Steel Castings of Various K; 
Character Kind of Elong- Ruptur 
of fracture. test. ation. work 

Gradual 26.0 1,338 
Impact 80.0 2,16 

PFiaky,..... Gradual 21.6 Us! 
Impact 19.0 ow 

Fine bright Gradual 17.4 744 

Impact 22.6 2.811 


gage length decreases. This effect is due (1) 
the work of deforming the bar at the neck, w 
bears a greater proportion to the total work | 
of short gage length and £0 increases the ru; 
per cubic inch; and (2) partly cue to the fact 
work done in stretching the metal between 
marks and the wedges is a greater proportion 
total. The increase in percent of elongation 
rupture-work may not be expected to increase ji; 
because when the reduced section becomes a ‘'; 


I 


of these diminish. There must be then a partic. 28 
length for maximum value of these quanti-‘ies. 
NUMBER OF BLOWS.—It was the intention 
writer's tests to produce rupture in one blow. & 
however, unknown material came into the labors 
impact resistance of which was not known in ; 
and the bar aad to be broken sometimes by two 
times by three, blows. It seemed necessary, theo! 
to determine the relative properties exhibited by » 
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Fig. 8. Effect of Number of Blows on Elongation, 

Contraction, and Rupture-Work Under Tensile 
Impact. 


terial when tested with one or two or three blows, as the 
case might be, applied a few minutes apart, in order that 
the result might be reduced to the standard of one blow. 

To determine these relations three series of bars were 
used. Series A consisted of five specimens of boiler 
plate (No. 7 in Table 2). Series B consisted of specimens 
of rough bars of soft steel. Four specimens were broken 
with one blow, and one specimen broken with seven 
blows. Series C consisted of steel castings 2 ins. in gage 
length and % in. in diameter, broken with either one 
blow or a number of six-inch blows. The results are as 
shown in Table 7, and Fig. 8. The ductility and rupture- 
work increase with the number of blows in spite of the 
hardening effect of the first and succeeding blows. In a 
test of a steel rod under twelve blows from 1-ft. height, 
the hardening wes evident In its effect on the reco}! or re- 
bound of the hammer. The recoil of the hammer from 


TABLE 7.—Showing Comparative Effect of One Blow and & 
Number of Blows on Elongation and Rupture-Work 


Tensile Impact Tests. 
——Boiler Plate.—— Soft steel. Soft steel Hard ster 1 
castings. castings. 
No. Rup- Ru Rup- Rup- 
of Elong- ture Eleng- ture Elong- ture Elong- ‘ure 
blows. ation. work. ation. work. ation. work. ation. wrk. 


1 100 100 100 100 100 100 10) 


Values quoted are on basis of 100 for value at one b! 
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the elongation before and after rupture is thus about ?\4 
; TABLE 6.—Variation of Elongestion and Rupture-work with 
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TABLE 8.—Effect of Speed of Delivery of Energy. 
Series A—Annealed Steel Wire 0.26 inch Diameter. 


Number Wt.ofham- Height of 


No vength. tested. mer, Ibs. drop, ins. Max. 
3 108 5 845 57 683 
i 108 5 845 70 673 
3 108 5 1,230 36 680 
Series B—Soft Steel, 3; inch 
* 8 5 515 60.5 1,471 
4 8 8 810 36.5 1,502 
8 Gradualtest. —...... 
».—Variation of Elongation and Rupture-work with 


Tem perature. 
Tensile Impact Tests. 


_—Soft steeL——. —Nickel steel. —Norway Iron. — 
Tem). Elong- Rupture- Elong- Rupture- Elong- Rupture- 


Deg. '. ation. work. ation. work. ation. work. 
33 41 65 eee 
0 74 79 96 

82 100 102 26 438 
100 100 100 100 
RO wove 100 100 
912 104 100 100 82 165 138 
400 94 80 87 61 e osee 


Values quoted are on basis of 100 for value at 70° F, 


the first blow was 0.3 in.; from the sixth, 0.5 in.; from 
the tenth, 0.8 in. The rupture-work quoted in the tables 
does not include the minor blows due to recoil following 
the parent blow. 

VELOCITY OF DELIVPRY OF A GIVEN AMOUNT 
OF ENERGY.—It seemed necessary to determine if, with- 
in the ordinary limits of impact tests on the machine, 
the speed of delivery of a given amount of energy had 
an important effect on the results. That is to say, are 
the results the same whether the energy is delivered 
through the medium of a heavy weight falling through a 
small distance or whether through the medium of a 
lighter weight falling through a greater distance? Of 
course in extreme limits there would be noticeable dit- 
ferences of effect. The writer’s experiments directed to 
this question are shown in Table 8. The conclusion 1s 


Rupture-work.-———. ——_—-—— Elongation. —--——-— 
Min. Aver. Max. Min. Aver. 

443 609 6.95 4.30 5.06 

596 626 6.9) 4.60 5.71 

497 487 5.40 4.00 4.76 

Diameter x 8 inches Long. 

1,237 1,365 30.00 25.00 26.2 
1,215 ° 1,317 24.00 32.00 27.3 


TABLE 10.—Effect of Temperature on Elongation at Frac- 
tured Inch. 


Tensile Impact Tests. 


——-Inches elongation of fractured Inch.—— 


Tem per- Nickel No. of Soft No. of 
ature. steel. tests. steel. tests. 
—100 0.40 3 0.46 1 
0 0.44 6 0.48 3 
80 0.49 8 0.49 8 
212 0.53 1 0.52 2 
400 0.54 2 O.45 1 


the tin cylinder still on the bar, the system was holstcs, 
released and impact then occurred. The time from the 
removal of the bar and the wedges from the cracked ice 
until the time of impact is estimated at about S minutes. 
Of course during this period tha guides and yokes of the 
apparatus were delivering heat to the wedges and test 
ber, and thereby producing a gradient of temperature be- 
tween the center of the bar and the upper end lower 
ends. The effect of this gradient is to tend to bring 
about rupture at the ends of the specimen rather than 
at the center. The temperature of 0° F. was effected, in 
the same manner as above described, by a mixture of 
salt and ice. The temperature of —100° F. (estimated) 
was secured by a freezing mixture of carbonic-acid snow 
and ether, kept in the form of a slush. In all cases the 
bars were packed in the mixture before test and the 
cylinder containing the freezing mixture was placed 
around the bar during the entire period of the test. The 
temperature of the test bar is assumed to ve that of the 
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FIGS. 9, 10 AND 11. 


that the results are not sensitive to the ordiuary changes 
of velocity of application to be expected in any one im- 
pact machine, 

TEMPERATURE OF TEST BAR.—To determine the 
law controlling the variation of resistance in change of 
temperature under impact, the writer has used specimens 
of soft steel and nickel-steel (Nos. 5 and 6 in Table 2). 
The specimens were broken with ome blow each. 

The method of producing the desired temperature in 
the test bar is ag follows: To obtain a temperature of 32° 
F. the test bar, together with the wedges, was allowed to 
‘e in cracked ice for 30 minutes before test. The bar 
was then surrounded with an asbestos wrapped tin cylin- 
der 2 ins, im diameter and 9 ins. lorg, which heid 
cracked fee, and then rapidly fixed in the machiue. With 


EFFECT OF TEMPERATURE ON ELONGATION, CONTRACTION 


STEEL, UNDER TENSILE IMPACT. 


mixture. The temperatures of 212° F. and 400° F were 
secured by filling the tin cylinder with a fluid, heating 
the fluid by a gas flame while the specimen was in the 
machine ready to be dropped. Boiling water was used 
for 212° F., and boiling linseed oil for 400° F. All the 
temperatures were measured (except that of the siush 
of carbonic-acid snow and ether) just before the drop 
occurred while the bar was in the machine surrounded 
by the freezing mixture. 

The results of this invectigation are shown In Table 9 
and Figs. 9 to 11. 

It appears from these results that in the case of or- 
dinary soft steel there is a diminution of elongation and 
unit rupture-work ag the temperature goes below 32° F. 
or above 212° F. In the case of nickel steel this diminu- 


AND RUPTURE-WORK FOR VARIOUS KINDS OF 


\ 
tion is apparent when the temperature goes below 32° or’ 


above 70°. Ths contraction seems not to be much af- 
fected by change of temperature. Even in care of the 
bars cooled to —100° F. the fracture was so hot that the 
broken end of the bar felt uncomfortanly hot to the 
flesh. 

A study of the distribution of the elongation in the 
ruptured bars shows that the bars which were heated 
above atmospheric temperature have a tendency to break 
near the center, whereas bars broken at low teniperature 
break near the ends. At —100° the elongation of the 
bars of soft steel was not more than 1% at any inch 
which was at least 2 ins. from the point of fracture. In 
many cases the part of the bar near the center was not 
stretched to a measurable degree. The nickel steel 
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TABLE 11,—Effect of Shape and Surface of Boiler-plate on Elongation and Rupture-Work. material, or by greater clumsiness ; 
Original Bar: Sides as in Original Plate, Milled Edges, 8-in. gage length, 1 x 0.5 in. Cross Section. connections. These and other Sow 
ed 
Modification of No. —Elongation, per cent.-— wage 2 Ibs cu.in. No.of Kindof = 
specimen. tested. Max. Min Aver. Max. Min river. blows. test. rey ang to make the use of pressed-ste: 
19 29.0 23.7 25.7 1,370 1,047 1,230 -.. Gradual Mt on careful design fully as much as, 
sa tnine ‘ 36.9 31.3 24 2,085 1,690 1,855 2 impact than, merely the cost of the necessary 
28.6 27.6 27-5 279i 2.391 Impact, vem of the extent to which 
Vicked cross section ......... 1 Gradual enters into the production of pressed-st 
2 0.12 O11 0.11 385 374 879 1 Impact eel 
Polished all four faces........ sie Graduat Offered by the pressed-steel pulley, w: 
2 29.0 29.7 28.2 2.312 2,169 2,240 2 ed described in brief below. The descri:. 
27.6 16.6 21.6 3326 Impact, roses on Supplied us by th: 
ges rounded to semi-circle sede wre 26.5 “AK 1,116 Gradu acturers, the Philips Pressed Stee] P 1 
2 34.0 27.0 30.5 2,052 2,019 2,035 2 Impact é ulley 
0.56 in. Area = .245 sq. in. 2 20.0 18.7 19.3 1,021 766 893 1 Impact e pulley, s 
Milled and polished, sec, 0.35 Gradual = ¥, shown in general view in Fis 
wrod? Area = .245 sq. in. : 25.0 23.5 24.1 1,571 1,491 1,632 1 Impact, - ot aoe a split pulley, and is closely 
illed to square cross-section 0 Gradu o the widel 
.063 ins. on 6ide............ 2 31.0 27.8 29:4 OF 1,990 2 y used wood split-pulleys; like 


showed a mofe uniform elongation. This, in the writer's 
view, is due to the fact that under impact a bar tends to 
break at the warmer portions. To investigate this mat- 
ter more thoroughly a few bars were purposely given a 
gradient of temperature. Thus the center of the bar was 
surrounded with the freezing mixture and the ends of 
the bar were heated by a gas flame; the frozen portion 
of the bar retained its original diameter and was not 
stretched by the blow, whereas the warm ends were 
drawn down to necks. Two bars were frozen at the up- 
per ends and the lower ends were exposed; these broke 
at the lower ends. ‘The frozen portions had been able 
to transfer the strain energy quickly throughout their 
length to the warmer portions where this energy was 
absorbed in deforming the material.* Fig. 6 shows some 
of the test-bars. 

This resu!t might have been expected from a knowledge 
of a fact which has been determined experimentally, 
namely, that the effect of low temperature is to raise the 
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Fig. 1. View of Phillips Pressed Steel Pulley. 


elastic limit of metals. Now it is another well known 
fact that when two materials are placed in conjunction, 
one of which is rigid and the other a cushion, that the 
more rigid material will quickly transfer the strain- 
energy to the cushion where it is absorbed. For in- 
stance, the function of the hardened face of an armor 
plate is to transfer the energy of the projectile quickly 
throughout the metal of the face to the soft back where 
it is absorbed without breaking the plate. The effect no- 
ticed in the author's experiments may thus be explained 
by the assumption that the colder portions of the bar 
were transformed, in effect, to a metal of a higher 
elastic limit, which had the property of transferring the 
strain-energy to the warmer portions of the bar. This 
frozen portion, therefore, did not suffer any elongation. 
The total rupture-work was of course less than that ob- 
thined from a bar Which was entirely warm, for the 
reason that there was less metal underguing deforma- 
tion. The energy has to be absorbed somewhere in the 
bar, and where the entire bar is cold there is less ca- 
pacity for absorbing shock up to rupture. However, a 
cold bar should withstand ordinary shocks of service 
within the elastic limit with a greater factor of safety 
since the effect of low temperature is to raise the elastic 
limit. 

It must be recognized that the laws shown in Figs. 9 to 
11 should be modified by magnifying the variations there 
shown, for the reason that the temperature of the test 
bars under the freezing mixtures was not uniform, but 


*However even in impact tests at normal temperatures 
there is a tendency to elongate and rupture near the ends 
of the bars, rather than at the center. 


that the full weakness due to the temperature was some- 
what reduced by the higher temperature of the ends of the 
bars. The exact reductions the author is unable to 
estimate. 

To meet the criticism that the decrease in elongation 
at low temperatures is mainly due to the fact that the 
bars did break at the end and not to the effect of low 
temperatures, the writer examined the relative elongation 
of bars broken at normal temperatures in the middle third 
of gage length, and at the ends. Thus, the average per 
cent of elongation when broken at the center was 29.6; 
and when broken at the ends 26.4%. The elongation at 
—100° F was 8%. About one-half of the number of bars 
broken at 70° ruptured near end gage mark. Thus, the 
decrease in elongation in Fig. 9 is evidently too large to 
be accounted for by the location of the fracture. Table 
10 gives the elongation at fractured inch of gage length 
as affected by temperature. 

CONDITION OF SURFACE AND SHAPE OF CROS9 
SECTION.—The author had planned a series of tests to 
determine the relative properties of bars, some of which 
were to be polished, others rough, others rasped. etc. 
Another series was to include bars of rectangular square 
and circular cross section, all of the same area. It seems 
reasonable to suppose that the phenomenon of th2 flow of 
metals under high rates of distortion must be influenced 
very largely by the shape of the cross section and the 
condition of the surface. 

The experiments were not completed, but a series of 
boiler-plate test bars was tested with the results shown 
in Table 11. The bars were selected from a large num- 
ber of specimens so as to be as nearly as possible of the 
same quality as shown by the test reports from the mill. 
The results of these tests are not, in the author's opin- 
ion, conclusive, but they show indications. For instance, 
polishing the bars did not cause any large increase in 
ductility over a bar with ordinary mill surface. When 
a bar, however, is taken rough from the first cut in the 
milling machine, the strength is less than a bar that has 
been given a finishing cut. The nicked bars, of course, 
had but very little strength. P 


A NEW DESIGN OF PRESSED-STEEL PULLEY. 


Pressed steel sheet or plate has found success- 
ful application to such a wide variety of uses that 
a new or modified application awakens little 
attention or comment. When something new in 
pressed-steel is announced, it is dismissed with 
the comment, “That means nothing but a certain 
amount of special machinery. Provided he can 
do enough business to pay for this investment, 
the problem is simple enough.” Such passing 
comment wholly neglects the fact that much in- 
genuity and careful design are called into action 
in making possible the application of pressed- 
steel to the case in hand. Of course, the material 
is cheap, is available in uniform, excellent quality, 
and presses for working it into a great range of 
forms are to be had. But, sheet-steel is of small 
thickness, and is no thicker at the most strongly 


Section 
Gross Section of Rin 
at Joint. 


Fig. 2. Sections of Rim, Showing Method of Form- 
ing Rim and of Joining Halves. 


stressed section of a piece than at other sections; 
proper shaping of the piece must be secured, then, 
to compensate for the differences in stress. More- 
over, the different pieces that make up the de- 
sired whole must be joined by means that are at 
once cheap and permanently secure. The advan- 
tages of lightness, elasticity and strength over 
the competing material, cast-iron for example, 
must not be lost by less economical distribution of 


it is adaptable to shafts of different diame:, 
using removable bushings of suitable Sizes, 
pulley is made of pressed-steel, with the . 
tion of the hub, which is of cast-iron. Thi * 
is made in two halves joined by compr: 
bolts, which enable the pulley to be fastene 
the shaft by compression alone. Keys or 
screws may be used in addition where thou 
desirable. 

The rim of the pulley consists of a double 
thickness of steel sheet, being made from a Single 
wide sheet, folded and flanged as indicated in F 
2. The double central rib, where the two ej ce. 
of the original sheet are brought together. pro- 
vides for the attachment of the arms. The ; ro 


Gonnection of Arms to Hub. 


Fig. 3. Connections of Arms to Rim and Hub. 


rim-sections, each a semicircle, are joined by 
bolts passing through flanges formed by bending 
down from the metal of the rim. The bolts which 
make the joint are locked by a small channel- 
shaped strip under their heads, so that they are 
held against turning when the nuts are tightened 
up. 

Some important points of detail design are ex- 
hibited in the construction of the arms, and 
their connection to rim and hub. The arms are 
arranged in sets of four, having separate points 
of attachment to the hub, but converging to 4 
common connection at the rim. This gives a 
structure braced against the circumferential trac- 
tive load and against lateral pressures. Each 
arm is pressed into approximately semi-circular 
cross-section, giving it the eipipstetied compressive 
strength. 

At the rim, where the four arms of a group con- 
verge, they are riveted to a single central gusset- 
plate (Fig. 3), which has tenons projecting inio 
notches cut into the central rib of the rim, abov~ 
mentioned. The arms themselves pass on tlic 
outside of the rib, and are riveted through th 
rib by two rivets. The arrangement of the gusset- 
plate provides for transmitting the circumfere” 
tial load through the tenoned connection, so tha 
the rivets in the rim have merely to hold the par‘: 
firmly together. 4 
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ilar principle is carried put in the con- 
of the arms to the limb. This connection 
-hown in Fig. 3, the plane of section being 

to the shaft. Two opposite arms of a 
re held by a single pin passing through a 


pr ing lug of the hub, riveted over on both 


type of coal cutter: (1) It will mine 50 to 159 
per cent. more coal than other coal cutters. 

(2) Less power is required per ton of coal mined, 
20 HP. being required while cutting, and 4 HP. 
while loading or unloading and moving about the 
mine. 
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FIG. 1. 


ends. But in order to relieve this pin of shear, 
the metal of the arms is pressed into countersunk 
recesses in the hub, under the heads of the pin. 
The construction is clearly shown in the drawing. 

The arms and rim of these pulleys may evi- 
dently be made of metal of any desired thickness 
(and therefore strength) as may be selected for 
any individual case. A pulley operating under 
heavy load and with very tight belt would natur- 
ally require to be stronger than one intended for 
light service. 


SOME RECORDS OF WORK DONE BY AN ELECTRIC 
COAL CUTTING MACHINE. 


The accompanying illustrations, Figs. 1 and 2, 
chow an electric chain coal undercutting machine 
which differs from others previously on the mar- 
ket. The essential feature is that after the sump- 
ing cut is made, the machine is converted into a 
longwall cutter and makes a continuous undercut 
the whole width of the face, traveling by its own 
power on a steel shoe without the use of rails or 
wheels. The result of this method of longwall 
cutting is a minimum of time lost in setting up 
and shifting the machine. The following records 
serve to show what the machine is capable of do- 
ing when properly handled: 


‘ ft. hr. min, ft. ft.in. % % HP. in. Ibs. deg, 
1 Bolen-Darnall C. Oo., Craig, I. T............--005: 811 6 30 5 3 6 45 90 21 21 5,200 23 
2 Bolen-Darnell C. Co., Craig, I. T. 3385 8 00 5 346 45 90 21 21 5,200 23 
500 
3 Colorado F. & I. Co., Fremont, Colo..........++-+> 306 6 380 5 40 55 80 26 24 4,800 x 
4 Victor Fuel Co,, Hastings, Colo... ae 160 1 20 6.6 8 0 40 vil) 17.5 27 5,400 7 
5 Northern C. Cu., Aguilar, Colo. ....... 286 2165 5& 4.3. @.- 4 36 5,800 6 
Remarks: 
1. Cutting up across pitch in hard fire clay; cut in bottom. 
2. Cutting down across pitch in dark fire clay; cut in bottom. 
3. Cutting down across pitch in medium hard fire clay; cut in bottom. 
4. Soft cutting. 
5. Soft cutting. 


ELECTRIC COAL CUTTER MOUNTED ON ITS FRAME. 


(4) As the machine makes a continuous cut, 
it leaves no stumps or sprags, as the breast ma- 
chine does, to interfere with the proper blasting 
of the coal, thus requiring less powder and in- 
creasing the percentage of lump coal. 

(5) The machine cuts very close to the bottom, 
leaving practically no bottom to be taken up. By 
means of a taper skid or by raising or depressing 
the feed chain, quite sharp irregularities may be 
followed. The machine will follow ordinary roll- 
ing bottom without assistance. 

(6) Timbers may be set about 5 ft. from the 
working face, being about one-half the distance 
required for the breast machine, insuring the 
safety of both machine men and ‘loaders. Where 
draw slate comes with the coal it Is necessary to 
move it only one-half the distance required for 
the breast machines; or in many cases;it neei 
not be removed at all. 

(7) Owing to the continuous nature of the cut 
and the method of setting the jacks, there is no 
vibration to affect a weak roof. 

(8) The machine propels itself by power to any 
desired position in loading or unloading and in 
moving about the mine. 

(9) The machine will operate on any pitch up 
to 30°, when rooms are driven across the pitch; it 
will work straight up the pitch, providing this 
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FIG. 2. ELECTRIC COAL CUTTER REMOVED FROM ITS FRAME. 


Monarch Mine, Marshall, Colo. (20 ft. rooms 
and 8 ft. entries) 11 places in nine hours, 37 places 
in four days, 85 places in 12 days. Curtis Mine, 
Colorado Springs, Colo., one machine, coal 9 ft. 
high, 7,000 tons in 25 shifts work. Vesta Coal 
Co., California, Pa., eleven 30-ft. rooms in one 
7% hour shift. 


The accompanying records, made in the Mine of 
the Vesta Coal Co., Allenport, Pa., snow the time re- 
quired for the operation of the machine in its 
various processes. The coal was medium soft; 
depth of cut, 6 ft.; height of coal, 8 ft.; average 
ee power consumed by machine, about 94 HP.; 

, 21 ins, per min.; pull on feed chain, about 
3, lbs. 


Dased upon such records as the foregoing, the 
manufacturers make the following claims for this 


@) The kerf is higher aaias ‘that of any other 
chain machine, being 5% to 6 ins., but consists of 
less slack and more nut ane Ben coal. 


faa 

322 35 ge 

Sea fy 

ch 

SS" 

min min. min. 
18 Bottom good........-...++++ 5 + 6 
16 Bottom @00d........66.0006 5 4.5 5 

19 Bottom good................ 3.5 5.5 4.5 
19 Bottom uneven...........-. 5.5 4 3 
11 Roll 18 ins. high ........... 6.5 3.5 5 
Cut through samé.......... 4 4.5 4 
Entry Bottom even............-.++ 3 5 5 


Records: Made Electric ‘Coal ‘Cutter i 


does not exceed 12°. This advantage in pitching 
veins is noteworthy and has solved the problem in 
work of this character. In the pitching veins of 
Indian Territory, where three men are required 
to handle a breast machine, only two men are re- 
quired to work this machine. 

This coal cutting machine is made by the Sulli- 
van Machinery Co. of Chicago, Ill. 


— 


THE SARGENT DRAFT OR PRESSURE GAGE. 


In testing boiler and ventilating plants it is of- 
ten important to have an accurate indication of 
the chimney draft, air pressure, etc., and the gage 
shown in the accompanying cut has been invented 
for this particular service. It may be used not 
only by the operating engineer to ascertain the 
chimney draft, but also by a ventilating engi- 
neer to indicate the pressure or vacuum main- 
tained where large volumes of air are moved. It 
may also be used in farting gas engines for ‘thet r 


n Vesta Coal Co.’ 8 Mine, iilesoael Pa. 

Bo ER a® $= 

min. min min. ft. min, ft. tons 
14 6 s 43 31 55 
16 5.5 6 470 42 28 49 
17.5 5.5 4 325 41.5 29 51 
20 13.5 8.5 650 54.5 380 53 
21 7.5 4 215 44.5 31 55 
17 10 9 460 51.5 80 53 
18 4.5 6.5 560 37.5 * 40 

7 5.5 4 125 39.5 12 
130.5 58 50 2,505 5 hrs. 43 m. 218 377 
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thermal efficiency, to show the pressures of the 
gas. For such purposes as the above an ordi- 
nary U-shaped glass tube is often used, the dif- 
ference of the level of the liquid in the two legs 
indicating the pressure. It is claimed, however, 
that this can seldom be read closer than %-in. 
on account of the movement of the liquid. For 
closer readings, a glass tube has been used in an 


An Easily Read Draft Gage. 


C. E. Sargent, Chicago, Inventor. Schaeffer & 
Budenberg, New York, N. Y., Makers. 


inclined position, giving 10 ins. travel for 1 in. 
rise, but the range for practical purposes is lim- 
ited, as a tube showing a difference of pressure 
of 6 ins. would be 5 ft. long. 

The necessity of accurate determinations and 
the desirability of a strong, portable, direct-read- 
ing, draft gage or manometer, which can be real 
to 0.01-in. and has a capacity of 6 ins. pressure or 
vacuum, led to the invention of the instrument 
shown herewith. It consists of a nickel-plated 
brass cylinder, closed at both ends, encircled with 
a helical groove in which is wound a transparent 
flexible celluloid tube, the bottom end of which is 
cemented in and communicates with the interior 
of the brass chamber. An extension of its lower 
head passes through the bracket which supports 
the gage; the cylinder may be revolved at will 
around its vertical axis, so that the level of the 
liquid comes on the front side. A small hose cock 
to which a rubber tube can be attached, admits 
pressure through the top head of cylinder. Dis- 
tilled water, usually colored, is put in the cylinder 
through this cock until the zero mark on the 
scale is reached. The tube is tough and elastic 
and is not liable to be broken. 

Pressure will cause the liquld to ascend in the 
tube, and for every inch of vertical rise it will 
travel around the cylinder, a distance of about 9 
ins., which is divided into 100 equal parts. The 
Ciameter of the tube ‘s such that the plane of 
the surface of the,liquid is normal to the tube, 
making close reading possible. Rarefaction 
causes the liquid to descend, and by adjusting the 
cock, any degree of steadiness of the level in 
the tube may be obtained. The upper end of the 
tube is closed with a screwed brass plug and the 
inlet cock is shut when the gage is carried about, 
maintaining the liquid in place without danger of 
spilling. 

The instrument is about 3 ins. diameter and 12 
ins. long, weighing about 3 lbs., and it may be 
mounted on a special board or attached to a gage 
board. It was invented by Mr. C. E. Sargent, M. 
Am. Soc. M. E., First National Bank Building, 
Chicago, and is manufactured by Schaeffer & 
Budenberg, of New York. 


COAGULATION, SEDIMENTATION AND UPWARD FIL- 
TRATION OF WATER AT BARTLESVILLE, I. T. 


A small water purification plant is being built 
by the Bartlesville Water Co., of Bartlesville, 
I. T., as part of the water-works which is now 
under construction. Mr. W. P. Bullock is en- 
gineer of the company and has supplied us with 
the local information on which this article is 
based, 

The water supply will be taken from Caney 
Creek, which is very muddy during the season 
of cultivation, the land comprising the drainage 
area being of a yellow, loamy soil and charging 
the water at such times with 1,100 parts per 100,- 
000 of matter. 

The population of Bartlesville is about 3,500. 
The pumping equipment will include two 8 x 10x 
12-in. simple duplex low-service pumps, to de- 
liver the creek water to the coagulating and 
settling reservoir, and two 12 x 10 x 12-in. com- 
pound duplex pumps for the treated water. In 
addition, there will be a fire service pump. 

At the suction of the low-service pumps sul-~- 
phate of alumina will be admitted to the water 
being drawn from the creek and pumped to the 
coagulating and settling basin. The basin in 
question is about 60 x 80 ft. in plan at the bot- 
tom, has inner slopes of 2 to 1, and a depth of 
only 10 ft. to the top of the embankment. 

A flexible outlet pipe is arranged to draw the 
water from 18 ins. below the water surface of the 
basin. This pipe leads to the bottom of the ad- 
jacent upward filter, the arrangement of which 
is shown by the accompanying plan and cross- 
section. The filter has an area of 0.05 acre. 

It is calculated that 90% of the suspendei 
matter will be deposited in the settling reservoir, 
during the 84 hours rest allowed, and that the 
remainder will be practically all removed by the 
upward filter. The peculiar shape of the bottom 
of the filter is designed to aid in the distribution 
of the water throughout the lower part of the 
bed, and also to facilitate washing the filter bed 
by reversing the flow. 


A 
Boiler House Wall 


Effivent Basin 


\ 
Valve 
Plan 
£1.674.0 £1.674.0 


Float Valve 
Enc. News. 
Cross Section. 


Water Coagulating,. Settling and Upward Filtering 
Plant at Bartlesville, |. T. 


Mr. Bullock expects that the bulk of the dirt 
retained by the filter will remain below the sand 
since the effluent water is lighter than the un- 
filtered water. He also states that there is lcss 
likelihood of fouling the whole sand bed by' ad- 
mitting the water from the bottom against gravi- 
tation instead of with it. 


Upward filtration, both in Engla: 
America, was tried three-quarters of a 
ago, and has been tried at intervals sj 
in general it may be said that it has ; 
found advantageous. Mr. Bullock sugges 
perhaps in connection with coagulatio:. 
will form a scum on the lower stratum 
upward filtration may prove successful, 
mentation, assisted by coagulation, has a]: 
employed for many years, and with success. 


SHAFT SINKING THROUGH QUICKSAND AT THE .__ 
QUEHANNA MINE; HIBBING, MINN.* 
By H. B. Sturtevant.; 

The satisfactory completion of any engineering «, 
ing feature is of interest to this institute; and furt) 
institute has certain rights to information of the 4. 
of such accomplishment. Hence this paper on ¢«i», 
partiy in quicksand, of the Susquehanna shafts at H)))) 
Minn., during 1903. Our conditions were in brief a 
lows: a surface of 138 ft., of which 57 ft. were in dry 
sand, 50 ft. in quicksand, and 31 ft. in hardpan. 

Anticipating quicksand, it was decided to sink first. a 
small shaft, to reduc2 difficulties to a minimum: 1})'s 
would drain the surrounding territory, making it ss 
difficult to sink a large working shaft near by. And fur- 
ther the small shaft would be used as the permanent 
drainage and timber shaft. On Feb. 15, 1903, the sod, or 
rather frost, was broken for the small shaft of size s x 
10 ft. inside; timbers 12 x 12 ins., studdles 3 ft. and hang- 
ing bolts 1% ins. The shaft bearers were 20 to 24 ins. 
diameter and 32 ft. long. At the depth of 45 ft. six %-in. 
wire ropes were used to hang the shaft from the bearers, 
using 8 x 8-in. wrought washers %-in. thick. 

At a depth of 57 ft., water and quicksand were encoun- 
tered; and as considerable pull on the wire ropes was no- 
ticed, we built two trusses at the collar of the shaft using 
the bearers as lower ccrd of an ordinary gueen post truss. 
From 67 ft. we used the drop shaft method. A shaft set 
was beveled to an edge flush on outside of shaft and placed 
in position and forced down; filling in other sets above 
it and under the jacks successively, bolting timbers to 
each other, and hoisting the sand, and pumping the wa- 
ter. In this manner we sank 15 ft.. but could go no fur- 
ther and the operation was repeated until a depth of &5 
ft. was reached. The experience was valuable, and we 
modified the method iater in sinking the operating shaft, 
to be mentioned further on. 

At 85 ft. depth, the pressure of sand being very great, 
and difficulties increasing, we reduced the size to 6 x § ft., 
building up inside the shaft a solid box with bottom edge 
beveled, but flush on outside, and this solid box was forced 
down 22 ft. to 107 ft. and bedded in hardpan. At S§5 ft. 
the timbers were anchored to the collar trussed bearers 
by four 1%-in. ropes, thus making ten wire rope hangers, 
besides the usual iron hangers. At 107 ft. the timbers 
were again anchored Ly wire ropes. The enormous strain 
on the shaft timbers due to quicksand was manifested by 
the washers 8 x 8 ins. pulling into the bearers fully 2 ins. 

During the entire process we forced in advance of the 
timber a sheet steel box, 3 x 5 ft. of 4-in. plates, put to- 
gether with angle irons, and 10 ft. long. This box was 
forced down in the middie of the shaft and served to par- 
tially drain the bottom, and to serve as a sump for the 
pump suctions. 

Progress in quicksand was very slow, and 8 to 10 ft. 
per month was all we could do, the rate varying from 
nothing to 6 ins. per day. We found as others have, that 
the great danger to success lies in the sand and water 
bubbling through ‘under the bottom timbers. To prevent 
this, the sand was not removed faster than necessary, and 
when bubbling was indicated a plank hewn to edge on 
end, or a shovel was used and water allowed to rise a 
few feet; further, during the entire work in quicksand we 
ran eight-hour shifts, work progressing continuously in 
order to hold what we had made. And to avoid trouble 
over the idle Sunday, the sand was not removed at bot- 
tom and water was allowed to rise to the pumps. 

In hardpan below 107 ft. depth the process used was 
driving lath, removing ground, and placing timbers, bolt- 
ing them together. Sinking progressed in clay at the 
rate of 1% ft. per day, until the shaft was bottomed on 
ledge of ore at 138 ft. on Sept. 14, or seven months from 
date of beginning. 

The drainage increased to 300 gallons per minute on July 
1, at 90 ft. depth and 450 gallons at 138 ft. Duplex sink- 
ing pumps were tried but were unsatisfactory, because 0! 
jumping in case of air in the suction; and No. 10 Cameron 
pumps were substituted. 

The shaft is only 2 ft. out of plumb; and this does no‘ 
impair its serviceability for pumping and timber. [2 
sinking it was found necessary to use tbe greatest care to 
maintain the bottom edge of timbers exactly level in 
quicksand or the shaft would sink out of plumb. The wa- 
ter would occasionally make cavities which would fill sud- 


*Abstract of a paper read at the meeting of the Lake Su- 
perior Mining Institute, Ironwood, Mich., Aug. 16, 1904. 

Manager of Mines, Buffalo & §usquehanna Iron Co., 
Hibbing, Minn. 
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producing a great strain on timber and hanging 
oes, There was no way of anticipating this, and as the 
yering was solid there was no way to inspect behind it. 
ticipating these troubles we would, while sinking, ram 
ai behind the timbers, and the effect was to prevent dirt 
‘shing down on outside of shaft. 
tt is also very necessary in sinking in quicksand to 
ict no more sand than possible; that is to say, the sand 
‘| try to run into the shaft under the timbers, and if re- 
oved too fast the sand outside the shaft will become 
ysened and run, and cause timbers and irons to break; 
nd the whole work may be ruined irreparably. On one 
casion we noticed unusual bubbling and we immediate- 
ly stopped the pumps and allowed the water to rise 15 ft., 


nly, 


x 
“al. te 
te 
Fig. 1. Plan of Hoisting Shaft Sunk through Quick- 
sand: Susquehanna Mine; Hibbing, Minn. 


and then lowered saad from the surface and filled the 
shaft several feet in which condition it stood, efforts to 
resume being without success for six days, when sinking 
was resumed. 

The hoisting shaft was begun July 28, 1903, 4 ft. east 
from the drainage shaft. The size was 6 x 16 ft., inside, 
with usual timbering, tc the water line. It is shown in 
plan in Fig. 1. It was found that the drainage shaft pumps 
had drained the ground at the hoisting shaft to such an 
extent that a No. 7 Cameron working slowly handled the 
water. 

The same difficulties were encountered as at the drain- 
age shaft, but in less degree, and we are satisfied that had 
we not partially drained the ground by the small shaft, 
it would have been impossible to sink the large one, be- 
cause the troubles are in proportion to the external dimen- 
sions. The method in the quicksand in the hoisting shaft 
wag quite different from that used in the drainage shaft; 
and particular attention is called to the following details, 
as we consider the method a most successful one, and not, 
so far as we can learn, one which hag before been used. 

A drop section of shaft timbers of full size of shaft was 
framed and placed in position. The details of the drop 
gection are shown in Fig. 2. It is 4 ft. in depth, made of 
12 x 12-in. timbers bolted together, and braced; the lower 
two sets are beveled, flush outside, and a \-in. plate of 
steel-shaped to fit the edge was fastened by spikes, mak- 
ing a shoe or edge 3 ins. wide to cut the sand; outside of 
this drop section vvas bolted a sheeting of plank, with 
lower edges hewn thin for less resistance to sand, and the 
upper ends of plank extending 3 ft. 6 ins. above the tim- 
bers, as indicated in sketch, and behind the last perma- 
nent shaft timbers. 

About 20 or 30 iacks, 2% x 18 ins., were operated be- 
tween the drop section and the last permanent timbers, 
the plank sheeting serving to retain the sand. As the jacks 
forced down the drop section they were removed tempor- 


Permanent / 
Timber A 


Fig. 2, Section of Shaft Sunk through Quicksand. 


arily, and timbers placed, and bolted to the last permanent 
timbers; and to bring the permanent timbers close to- 
gether pockets were cut out for nuts and washers. In 
other words, as the jacks forced down the drop section the 
permanent timbers were placed above the jacks and this 
process was continued until the iron shoe was imbedded 
in clay at 107 ft., after which we drove lath and after re- 
moving the ground put in timbers. 

As this was to be the hoisting shaft it was very neces- 
sary that it be vertical and truly in line without serious 
variation. The greatest possible care in the use of jacks 
was necessary to success in this particular. The great- 
est variation from vertical is only 6 ins. As an additional 


protection against a crooked shaft we placed diagonal 
braces 8 x 8 ins. at each eni from the collar of the shaft 
down to depth of SS ft. The necessity for these braces 
might be questioned, but our experience in the drainage 
shaft, where the washing away of sand behind the tim- 
bers and the caving causing the entire shaft to surge 
several inches, prompted us to take no chances. The 
shaft timbers were hung by wire ropes from the bearers at 
collar of shaft, but it was not necessary to truss the 
bearers as in the case of the drainage shaft. 

As as improvement I might suggest the substitution of 
steel sheeting for the plank as less liable to break or get 
loose;—and further the steel would, being thin, allow the 
drop section to cut the sand easier. 

We sank the shaft through the quicksand at the rate 
of 8 ft. 6 ins. to 9 ft. 6 Ins. per month, working continu- 
ously, excepting Sundays. On reaching hardpan on Jan. 
1, 1904, we sank at the rate of about 1% ft. per day. As 
to speed of sinking in quicksand we shall not boast, but we 
modestly claim success in continual progress and that we 
did not lose either shaft; neither did we lose headway 
gained, excepting on the occasion mentioned above, and 
further our hoisting shaft has a variation of only 6 ins. 

For our conditions and with 50 ft. of quicksand I can 
suggest no improvement over the methods used at our 
hoisting shaft. However, .{ the quicksand were 100 ft. 
deep, the difficulties would increase and it is probable that 
the freezing process might be more successful, and more 
rapid; although the method described could be used. The 
essential feature of our success was the solid drop sec- 


lowed each other, giving each of the 1,200 jack- 
screws a quarter turn. In this manner the mas- 
sive structure was lifted safely to the desired 
height and securely held until the foundation was 
built under it. This is said to be the heaviest 
building ever raised in Greater New York. In 
any case it is a feat of engineering well worthy 
of being placed on record. The contract price of 
the work is said to have been $25,000. Miller, 
Daybill & Co., of 318 Kosciusko St., Brooklyn, 
were the contractors. 


TESTS ON REINFORCED-CONCRETE BEAMS.* 
By F. E. Turneaure,+ Assoc. M. Am. Soc. C. E. 


SCOPE AND OBJECT OF THE TESTS.—During the 
year 1902-3 a series of experiments on reinforced-concrete 
beams was made in the laboratory of the University of 
Wisconsin, from which the most important result ob- 
tained related to the early appearance of cracks in the 
concrete. To verify these results and to carry on studies 
in other directions a second series of tests was made 
during the past winter. These tests were conducted un- 
der the direction of the author by Messrs. J. M. Gilman 
and G. E. Kahn as a thesis. 

It has not been possible to work up the data of these 
tests completely for this paper, but it has been thought 
worth while to present the results as far as they concern 


RAISING A 7,500-TON SCHOOL BUILDING. 


tion with steel shoe and with back lath well secured and 
extending upwards to span the open space occupied by the 
jacks. 

To Capt. Thos. Caddy I am pleased to give great credit 
for success in the sinking of the shafts. 


RAISING A FOUR-STORY BRICK BUILDING. 


The raising of a brick, four-story school build- 
ing, weighing 7,500 tons is illustrated by the ac- 
companying photograph. The building is 84 x 150 
ft. in size, located at Covert St. and Evergreen 
Ave., Brooklyn, and was raised 34 ins. in order 
to have the basement above flood water level. 
Work was begun, preparatory to the raising, on 
June 4, and the actual raising was begun July 15 
and completed July 23. A trench, 8 ft. wide, was 
dug around the building to the depth of the foun- 
dation, and in this trench were placed yellow pine 
timbers running parallel with the walls. Above 
the entrenched timbers, and on each side of the 
foundation, cribbing blocks were built up upon 
which jack-screws were placed, and resting there- 
on were the “screwing timbers’ upon which were 
placed the cross timbers and tcp-sticks, the last 
named carrying the beame of the building. Sev- 
enty-five men were sent into the foundation and 
were there distributed into small gangs upon the 
different sections of cribbing, each gang patrol- 
ing its own section. In singie file the men fol- 


(1) the early cracking of the concrete on the tension side; 
(2) the position of the neutral axis at different stages of 
the test; and (3) general results as to strength of beams 
reinforced by different methods and loaded in different 
ways. 

DESCRIPTION OF TEST BEAMS.—Table No. 1 gives 
a comprehensive stateinent of the character of the prin- 
cipal test beams. The concrete, ag noted, was a 1: 2: 4 
mixture, all ingredients being proportioned by weight. 
Vuleanite Cement was used, good coarse sand, and a 
crushed limestone of 34-in. size and smaller, the very 
fine dust being screened out. Enough water was used to 
make a mass easily put in place with a very small amount 
of tamping. All these beams were 6 x 6 ins. in section 
and about 64 ins. long (span length 60 ins.). The rein- 
forcing steel rods were spaced 4-in. to 1-in. from the bot- 
tom. Where bent rods were used the bend occurred 10 ins. 
from the center, beyond which point the rod was carried 
up to within }%-in. frum the top of the beam at the sup- 
port. Stirrups were made of 3-16-in. round rods and 
spaced in pairs 3 ins. apart except at the center, where 
for a distance of 12 ins. no stirrups were used. 

All beams were left in the molds for 48 hours, during 
which time they were covered with wet cloths. After re- 
moval from the molds they were stored in running water 
et a temperature of about 60° F. until about four hours 
before testing. The particular object of thus storing the 
beams was to enable minute cracks to be more readily 
detected, in accordance with our experience of the pre- 
vious year. 

*A paper presented before the American Society for 
Testing Materials, at Atlantic City, N. J., June, 1904. 


tDean of the College of Mechanics and Engineering of 
the University of Wisconsin, Madison, Wis. 


© 


| 


€ 


Yy TIN 
S N 
XN 
4 AS XX 
Y 
IS\ 
Drop Section 
Y ix] Vass 
V4 
<\ 
Y VW Stee/ \ 
Uy SN > 
Quick 30" sand 
Y Box SS 
Y 
4% 


214 


ENGINEERING NEWS. 


Vol. No 


COMPRESSIVBD STRENGTH OF CONCRETE.—Com- 
pressive tests were made of cubes of each batch of concrete 
used, Three-inch cubes were tested generally, and addi- 
tional four-inch cubes in some cases. The results as to 
strength are given in Table III. The measurements of dis- 
tortion proved very unsatisfactory, so no values of the 
modulus of elasticity can be given. 

TESTS OF THE STEEL USED.—Table II gives results 
of tensile tests on the different kinds of steel used. The 


elastic Limit was determined by the ‘‘drop-ef-beam,”’ 


checked by the use of dividers on the test specimen. A 


plain bar was purposely selected of a very high elastic 
limit. 

APPARATUS AND METHODS OF TESTING.—About 
one-half of the beams were tested with a center load and 
one-half with two equal concentrated loads placed at the 
third points, thus giving a uniform bending moment over 
a length of 20 ins. The beams tested by the first method 
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Note.—Deflections and elongations are referred to the scales at bottom of diagrams. 


referred to the scale at top of diagram. 


All beams, 6 x 6 ins., by 60 ins. span, tested at three months (except Nos. 
month). Beams 8, 12, 16, 22 and 40 were reinforced with plain round rods. 


Beam 26 reinforced with Johnson bars. 
Beam 30 reinforced with Ransome bars. 
Beam 36 reinforced with Thacher bars. 
Beams 1, 2, 3 and 4 had no reinforcement. 


Position of neutral axis is 


1 and 3, which were tested at one 


W. M. indicates the point where the first ‘‘water- mark" was observed, 
¢. indicates the point at which the first crack was observed. 


DIAGRAMS SHOWING RESULTS OF TESTS OF CONCRETE AND REINFCRCED-CONCRETE 
BEAMS AT THE UNIVERSITY OF WISCONSIN, 
Curves of Deflections, Elongations, and Position of Neutral Axis. 


were one-month beams, those tested by the 0 
method were three-month beams. All beams were ;. 
with the tension side uppermost in order that obsery.. 
for cracks could be readily made. 

In both series the central defiection was carefully . 
served by micrometer measurements on both sides of 
beam. In the second series measurements were also » 
of longitudinal deformations at top and bottom ov. 
length of 14 ins. The apparatus for the latter pur; 
was specially constructed. It consists of two set 
frames clamped against the sides of the beam, one 
carrying four graduated dials with pivoted pointers, \. 
fine copper wires are made fast to posts on the o:: 
frames and led over small pulleys attached to the poi: 
ers. Small weights serve to keep the wires taut and - 
furnish the necessary friction to operate the point: 
The dials are graduated to read .0O1-in. directly o 
-0002-in. by estimation. Distortions are thus measu, 
on four lines. This apparatus proved very satisfact:; 
and was entirely reliable. 

Careful observations for cracks were made and our +: 
perience of the previous year enabled them to be detect: 
at a very early stage. It had been found that, by testine 
the beams when somewhat moist, a crack is made visib). 
when exceedingly small, it appearing first as a narrow, 
wet streak perhaps %-in. wide and a little later as a dark 
hair-like crack. It was not necessary to search for the 
lines with a microscope as under these conditions they 
were readily found. 

That the wet streak, called a ‘‘water-mark’’ hereafter, 
shows the presence of an actual crack was demonstrated 
last year by sawing out a strip of the concrete contain- 
ing such a water-mark; the strip fell apart at the water- 
mark. 

RESULTS OF THE TESTS.—Tables Illa and IIIb, and 
the several diagrams, give the principal results of the 
tests. In Table lila are given the loads at rupture, for 
three-month beams tested with two loads, and the ob- 
served extension of the extreme fiber of the concrete at 
the appearance of the first water-mark and also at the 
time when the first crack became plainly visible as a 
crack. The compressive strength of the concrete is given 
as determined from the average of the tests. Table 
IIIb, for one-month beams under single load, gives the 
same information excepting that the extensions are here 
calculated from the deflections, assuming the form of 
curve of the beam to te the same as in the usual theory 
of flexure and the neutral axis to be in the center of the 
beam at this stage of the test. In the diagrams are 
plotted the deflections, the proportionate extension of the 
steel and compression of the extreme compressive fiber, 
and the deduced location of the neutral axis assuming 
plane sections, for one beam of each kind tested. The 
appearance of the first water-mark and of the first crack 
are also noted on the deflection curves. 

It will be noted from these tables that the unit-elonga- 
tion of the concrete at the time of the first visible crack is 
in many cases as small as .00035, which is considerably 
less than that given by previous observers. And, if we 
take the water mark as indicating the presence of a crack 
not yet visible, the elongation of the concrete is seen to be 
usually between .00010 and .00020. 

The calculated elongations of Table IIIb are ‘subject to 
some uncertainty, but for the early stages of the test they 
cannot be far wrong. A similar method of calculation 
applied to the three-month beams gives results agreeing 
very closely with the observed values up to a unit-elonga- 
tion of about .0003. Above this the calculated values be- 
come too small owing to the change in position of the 
neutral axis. In general the first water-mark of Table 
Iilb was more carefully observed than in the tests of 
Table Illa, as the extension apparatus interfered some- 
what in the latter case. In the plain concrete no water- 
marks or cracks were observed before rupture. Com- 
paring the observed and calculated elongations of the re- 
inforced concrete with those for the plain concrete at 
rupture, it will be seen that the initial cracking in the 
former occurs at an elongation practically the same as in 
the latter. It will also be noted on the diagrams that the 
initial cracking as shown by the water-marks usually be- 
gins about where the curves begin to change direction 
rapidly. 

The significance of these minute cracks is an open ques- 
tion. It has been supposed that concrete reinforced by 
steel will elongate about ten times as much before rup- 
ture as will plain concrete. These experiments show very 
clearly that rupture begins at about the same elongation 
in both cases. Jn the piain concrete total failure ensues at 
once; in the reinforced concrete rupture occurs gradually, 
and many small cracks may develop so that the total elon- 
gation at final rupture will be greater than in the plain 
conerete. In other words, the steel develops the full ex- 
tensibility of a non-homogeneous material that otherwise 
would have an extension corresponding to the weakest 
section. 

The presence of these cracks of course seriously affects 
the tensile strength of the concrete, and, as they appear 
at an elongation corresponding to a stress in the steel 
of 5,000 Ibs. per square inch or less, it would seem that 
no allowance should be made’for the tensile resistance of 
the conerete. Furthermore. if such cracks are present 
the calculation of «he tensile resistancé of reinforced con- 
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TABLE I.—List of Beams Tested. 
All Beams of 1; 2; 4 Concrete. 
6x6 inches, by 60-inch span. 


TABLE III-b.— Tests of Concrete and Reinforced-Concrete Beams, under Single Center Load. 
Proportionate Elongation 


Kind of as Calculated Com pressive 
Size Reinforce- Serial Reinforcing Load at -—_»~-— Strength of 
serial of Kind of of No. of Method of ment, Number Rods Rupture at first at first Concrete . 
Number. beams rods. rods. rods. reinforcing. per cent. water-mark crack 
tested. 2* None 1,000 00013 s 
4 Plainround %*-in 4 Straight 1.07 3 None B00 00014 
9—12 4 2 O97 1 None 800 2,500 
{ 2 straight.and - 7 Plain 8, OOLS 00056 
i3 —16 4 %-in 4 12 bent up. 1.07 5 Plain 5.700 {00020 "00031 j 3.500 
All straight = Plain 5,000 00014 
17 -- 20 4 4 i with 1.07 9 Plain 5,500 O01! (00048 2,200 
" 2 straight anc 15 Plain 7,300 0007 0011 
21—24 4 4 | 2 bent, with stirrups 1.07 13 Plain 6,400 00009 2,360 
25 — 28 4 Johnson 44-in. 2 Straight 89 23 Plain 5,500 00020 0060 - 
29 — 82 4 Ransome Yq-in. 2 Straight 0.98 21 Plain 6,250 ‘00027 ‘00049 j 2-500 
33 — 86 4 Thacher dq-in. 2 Straight 0.97 27 Johnson 6,400 OOOTT .00038 1 2.300 
All straight oy 25 Johnson 6,460 L0G 00048 
37—40 4 Plainround *-in. 4 with stirrups 1.0% 29 Ransome 8,125 
31 Ransome 7,880 2 00083 2.000 
TABLE II — Tension Tests of Steel 33 Thacher 5,200 0021 00095 } 3,150 ‘ 
Nominal Limit Strength Elon- 6,700 00010 00033 
Rod Size Ibs. per sq. in. Ibs. per sq. in. gation *Three months old. S 
Kind of actual section bd actual pes. percent, All other beams were one month old. 
Plain round inch 75,000 105,000 19.4 
Plain round sf 75,000 93,000 17.0 TABLE IV.—Moments of Resistance of Beams, and Stress in Steel. af 
Thacher 5,000 62,000 16.2 Caleul 
59.000 92'500 18.7 alculated Stress 
Johnson 73/000 88/500 Serial Actual Moment Area of in Steel at 
Ransome 6 “os ” 10.0 Number of Resistance. Steel. Rupture of Beam. 
inch. “r 
TABLE No. III-a.— Tests of tee. Beams, under Two Equal Loads at 5.7. Plain 104,000 } 61,000 : 
0.385 
Proportionate Elongation Compressive 8 Plain 77,000 46,000 
Kind of Load at as measured Strength of 9.11 Plain 79,000 ) 52,000 ‘ 
Serial Reinforcing Rupture Concrete from 0.35 
Number Rods Ibs. at first at first Cube Tests 10,12 Plain 78 000 \ 52,000 ie 
water-mark crack lbs. per sq. in. 13,15 Plain 103,000 ) 61.000 
8 Plain 7,700. .0OO11 00064 4,250 0.385 
12 Plain 7,700 00034 00084 14,16 Plain 104,000 61,000 
10 Plain 7,900 00024 00046 2-500 21,23 Plain 88,000 ) 52,000 
14 Plain 10,200 00056 0.385 | 
16 Plain 10,700 000382 j 2-800 22,24 Plain 97,000 \ 57,000 aK 
22 Plain 10,200 -00025 00065 ores 25,27 Johnson 96,000 ) 70,000 if 
24 Plain ,200 00018 00048 0.32 
26 Johnson 10,200 -00016 00056 26,28 Johnson 95,000 70,000 
28 Johnson * 00013 00040 3,000 29,31 Ransome 120,000 78.000 
Ransome 9,700 00064 ’ 0.35 
32 Ransome 9.360 00050 2,600 30,32 Ransome 95,000 \ 62,000 
36 Thacher 7,400 00028 00090 33,35 Thacher 77,000 52000 
34 Thacher 7,340 -00025 00050 j 3,850 0.35 
38 Plain 13,100 00066 RE 34,36 Thacher 74,000 \ 50,000 } 
40 Plain 9,580 00050 3,850 37,39 Plain 112,000 65,000 
O.385 
All beams were three months old. 38 40 Plain 113,000 \ ‘ 65,000 i? 
crete by the method used by Considére leads to no use- crepancy is doubtiess due partly to the fact that the cal- Eng. News, Dec. 20, 1900), and in 1900-1 the tank 
ful result. In his tests Considére determines the stress culations from the elongations cannot give us the max- was again used for that purpose, some of the te 
in the steel from measurements of its elongation and then imum stress on the rods, but it is impossible that all of effluent being applied to experimental ale j 
assumes the concrete to carry the remainder of the load. the difference can be accounted for in this way. There ita 
Assuming the value of E to be uninfluenced by the con- must have been a large initial tension in the rods which ai‘nad oe pe - ung. News, Feb. 27, 1902). 
crete, this would be correct so long as the stress in the of course would not be indicated by the exvensometer by phere at ths complainant in this suit based 
steel and in the concrete is uniform between points of readings. As the beams were hardened in water such ini- ‘e infringement claims on the use of the settling 
measurement. As stated by Considére himself, sucb re- tial tension is very probable. tank as a septic tank, whereas the patent, as i 
sults are only average values. But the concrete may be In but a few cases was the failure free from the in- Stated in the decision, is for a filter bed in com- } 
cracked entirely through and yet possess a very consid- fluence of shearing stresses, the rupture usually occur- bination with a {second bed. The substance of fs 
erable average tensile strength over a length of several ring outside the !oad and on a diagonal line. In a few the patent specification and claim was given on 1 
inches. Obviously in that case an average is of no value; cases, after the cracks had opened up well, the concrete p, 133 of our issue of Aug. 11, 1904 “1% 
the strength of the concrete is really zero. failed in compression. The maximum compressive stress ; ; 5 a 
In practical design the most important question which in the concrete, calculated on the assumption of a para- i 
arises is how far a concrete may be cracked without ex- bolic law, ranged from 2,100 Ibs. per sq. in. for the weax- THE PROPOSED GUNNISON TUNNEL AND SOUTH CAN AL fis 
posing the steel to corrosive influences. In this respect est beam to 3,000 Ibs. per sq. in. for the strongest. No COLORADO ° fe 
it seems to the writer that the minute cracks which ap- trouble was experienced from slipping of the rods, ex- th 


pear in the early stages of the tests can have very little 
influence. However, the entire question of the effect of 
cracks and pores in the concrete on the corrosion of the 
steel needs careful investigation. 

POSITION OF THE NEUTRAL AXIS.—The diagrams 
show the neutral axis to lie at first very near the center 
of the concrete beam. As the cracks develop it moves 
gradually nearer to the compression side. It should be 
noted that the neutral axis as here found, by measuring 
deformations over a length of 14 ins., is the average neu- 
tral axis over this distance. At the point where a crack 
exists, the elongation yer inch of the steel is more than 
elsewhere and the neutral axis is therefore nearer the 
compression side than 1s the average position. 

ULTIMATB STRENGTH OF THE BEAMS.—In Table 
IV are given the ultimate moments of resistance of the 
beams and the resulting stresses in the steel as deter- 
mined by calculation. In this calculation the center of 
pressure of the concrete is assumed to be five-eighths of 
the distance from the observed neutral axis to the out- 
side surface, corresponding to a parabolic variation of 
compressive stress. (The assumption of a straight line 
variation would change the calculated values only about 
2%.) The average of the two results for the one-month 
beams is given first in each group and that for the three- 
month beams just below. These calculations indicate that 
the full elastic limit strength of the Johnson and the 
Thacher bars was developed and probably of one or more 
of the Ransome bars, but that in the other cases failure 
occurred before the eiastic limit was reached. 

The stresses in the bars as here calculated, which can- 
not be greatly in error, will be seen to be in nearly every 
case much higher than would be deduced from the ob- 
served elongations of the steel as given in the diagrams, 
using the usual modulus of elasticity. Thus in the case 
ot beam No. 12 the elongation at rupture was .00115. As- 
suming a value of E of 29,000,000 the stress would be 
33,000 Ibs. per square inch, whereas the calculations from 
‘the actual moment give a stress of 53,000 Ibs. The dis- 


cept in one case where they had become displaced in mold- 
ing. 


THE DECISION IN THE SEPTIC TANK INFRINGEMENT 
SUIT AGAINST PAWTUCKET, R. I. 


The essential features of the sewage patent de- 
cision in favor of the city of Pawtucket, R. L, 
and against the American Sewage Disposal Co, of 
Boston, noted briefly on p. 202 of our issue of 
Sept. 1, 1904, were stated in Judge Brown's deci- 
sion in the U. S. Circuit Court as follows: 


The principal question in the case‘relates to that ele- 
ment of the claim descrived as ‘‘a series of stationary 
primary filtering beds constructed to discharge the efflu- 
ent wholly through uitering mezierial.’’ 

The defend-nt uses a primary tank whicn contains no 
filiering material, but which Cischarges the eflluent upon 
outside oxidizing filter beds by means of a pipe. The de- 
fendant’s tauk at times has been u-ed for putrefactive ac- 
tion, to liquefy and dJispese of the solid matter of sew- 
age. It is charged that the defendant thus uses the sub- 
stance of the complainant’s patent, namely, putrefactive 
action followed by oxidation for the complete divposai of 
sewage. 

Ia my opinion the defendant aovs not infringe for the 
reason that it does not have the element of the claim, ‘‘a 
series of stationary filler beds constructed to discharge 
the effluent wholly through filtering material,’’ nor any 
equivalent therefor which will perform the {function of 
filtering the sewage to separate the solids and liquids, 
The use of putrefactive action to liquefy solids is not an 
infringement of anything described or claimed in the pat- 
ent, or proved to be substantially involved in any opera- 
tion of the patented structure intendéd by the patentee. 

It does not seem necessary or useful to consider the de- 
fense of anticipation of the claim as construed by the 
complainant, since I am of the opinion that the compiain- 
ant’s construction of the claim 1s unsound. 


The works for the treatment of the sewage of 
Pawtucket were described in our issue of Jan. 2, 
1896. The plant includes settling tanks and in- 
termittent filters. For ten months in 1900 one of 
the tanks was used as a septic tank (see 


A tunnel 30,000 ft. long to deliver 1,300 cu. ft. 
of water per second from the Gunnison River, 
Colo., to the Uncompahgre Valley, is now adver- 
tised for letting by the U. S. Reclamation Service. 
The character ai'd magnitude of this work are 
such as to be of nore than passing interest. 

Fig. 1 shows th* location of the proposed tunnel 
and the proposed canal into which it will dis- 
charge the water diverted from the Grand Can- 
yon of the Gunnison. Fig. 2 gives the profile of 
the mountain to be penetrated, from which it ap- 
pears at a glance that the tunneling must be 
carried on from only two headings. Since bids 
are to be opened Oct. 5, 1904, and since the tunnel 
must be completed April 15, 1908, it is evident 
that even if the contract is awarded by Oct. 15 
there are only 42 months in which to drive and 
line nearly 30,000 ft. of tunnel; from this, of 
course, must be deducted the time required to in- 
stall a plant, so that a rate of speed well above 
the average records for heading work in this 
country must be maintained. 

Cross-sections of the tunnel are shown in Figs. 
3 and 4. About 4,090 ft. of the tunnel will be 
timbered and lined, “s in Fig. 4; about 5,009 ft. 
as in Fig: 3; about 11,000 ft. as in Fig. 3, except 
that the minimum tiiickness of concrete will be 
6 ins.; and about 10,000 ft. as in Fig. 3, except 
that the concrete arch will be omitted. 

Reverting again te the time of completion, it 
may be noted that “ forfeit of $2,000 for each 
day of non-completicn: for a period not exceed- 
ing 30 days, will be ¢xacted, and a similar bonus 
will be given for completion within the time limit. 
It is safe to predict that this vonus provision will 
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spur the contractor to win the prize offered, not 
only because of the money involved, but be- 
cause of the honor felt in winning. 

The contractor will be required to pump 10,0)0 
gals. per 24-hour day without extra charge, but 
any excess of water will be paid for at the rate 
per 1,000 gals. specified in the proposal. 


crete were tested at the age of 30 days under central 
loading: twelve on an 8-ft. span, thirteen on a 5-ft. span. 
The lengths, out to out, were 8.5 and 5.5 ft. The con- 
crete was both plain and reinforced, the reinforcement 
consisting of plain, square rods, and rods of the Johnson, 
Ransome and Thacher types. The rods were nominally 
\%-in. square, although the actual net sections varied from 
0.18 to 0.255 sq. in. for the various types. Three rods 


>. 
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FIG. 1. MAP OF GUNNISON TUNNEL AND SOUTH CANAL IN UNCOMPAHGRE VALLEY, 
COLORADO. 


The specifications state that 

Any excavation beyond the neat lines of the tunnel sec- 
tion, as shown on the drawings, shall be filled to the sat- 
isfaction of the engineer in charge, and no allowance will 
be made therefor. 

But it is not clear whether this filling may be 
broken stone “packing,” or whether concrete 
will be required. The contractor is, of course, 
left in doubt as to how much of this filling will be 
necessary until he learns by actual experience 
how the rock will break out. 

The excavation of the South Canal, Fig. 1, is 
divided into nine “divisions,”’ the right being re- 
served to award as many or as few divisions to 
one bidder as may seem best. There are about 
443,000 cu. yds. of excavation in eight miles of 
the South Canal, of which 324,000 cu. yds. are 
plowable earth, 84,000 cu. yds. of indurated mate- 
rial, and 35,000 cu. yds. of loose rock. The free 
haul limit is 200 ft., and there is very little over- 
haul shown in the bidding sheet. 


TESTS OF STEEL-CONCRETE BEAMS AND THEIR 
MATERIALS.* 
By Edgar Marburg + M. Am. Soc. C. E. 


A series of tests on steel-concrete beams has just been 
completed in the testing laboratory of the Civil Engineer- 
ing Department of the University of Pennsylvania. These 
tests were made the subject of a joint thesis on the part 
of four members of the senior class, Messrs. George 
Freeman, Jr., Thomas Hovenden, H. M. Peirson, and A. C. 
Toner. The program was planned and executed under the 
direction of the writer. 

SCOPB OF TESTS.—The beams were made and tested 
under conditions as nearly identical as practicable in 
every respect, except span and character of reinforcement. 
Twenty-five 8 x 8-in. beams of 1, 2, 4 broken-stone con- 


*A paper presented before the American Society for 
Testing Materials, at Atlantic City, N. J., June, 1904. 

+Professor of Civil Engineering, University of Pennsyl- 
vania, Philadelphia, Pa. 


were imbedded in each beam with centers 1 in, from the 
bottom surface. Laterally the two side rods were cen- 
tered 22-3 ins. from the middle rod. The percentage of 
metal to the total cross-section varied from 0.84 to 1.19%. 
Various collateral tests were made to which further refer- 
ence will be had hereafter. The specimens for these tests 
were all of the same composition as the beams, and were 
tested at the same age, 30 days, 

MATERIALS.—The cement used was Atlas Portland. 
purchased on the open market. The tensile strength, 
neat, in pounds per square inch, was 337 at 1 day, 629 
at 7 days, and 793 Ibs. per sq. in. at 30 days, each value 
being the average of 6 tests. The mean departure from 
the average value was 3.8, 4.5 and 3.4%, respectively, 
for the three sets. The determination of fineness showed 
the following residues: on No 3 sieve 0.5 %, on No. 100 
sieve 4.8%, on No 200 sieve 22.4%. The time of initial 
set, determined by means of the Vicat needle, ranged from 
23 to 25 minutes for three observations, Pat tests in air 
and water gave normal indications. 

The stone was %-in. trap-rock from Glen Mills, Pa., 
and gave the following residues: on sieve of 4-in. mesh 
0.64%, on sieve of %-in. mesh 35.5%, on No. 6 sieve 
92.5%, 

The sand used was a good quality bar sand from the 
bed of the Delaware River at Bordentown, \N. J., and gave 
the following residue: on No. 20 sieve 2.8%, on No. 30 
sieve 11.8%, on No. 50 sieve 59.6%. 

MIXING AND MOLDING.—The materials used for the 
concrete were proportioned by measure: 1 part of sand 
to 2 parts of cement and 4 parts of broken stone. To 
avoid variations in the quantities of cement due to differ- 
ences in the degree of compacting, the standard volume 
was weighed and the quantities were afterwards deter- 
mined by weight. The cement and sand were thoroughly 
mixed dry by shovel to an even color, and 16% (of their 
combined weight) of water was then added. The mortar 
was turned until it was of uniform consistency, and the 
broken stone, previously dampened, added. The con- 
crete was turned until the stones were thoroughly coated 
with the mortar. The concrete was rammed into the molds 
by means of a 27.5-lb. rammer with a flat bottom face 
6 x 8% ins. Great care ‘was taken to insure accuracy in 
placing the rods. The thickness of the bottom layer was 


TABLE I. 


Description of Failure. 


1 Diagonal crack at bottom, 12 ins. fr; 
ter, running to center at top. Seer, 
crack running from first crack + 
end in plane of reds. 


PS, 1 Diagonal crack at bottom, 6 ins. from 
running to center at top. Rods «|); 
1 Diagonal crack at bottom, 15 ins. fron. 


ter, running to center at top. Sec:, 
crack running frm first crack 
end in plane of rods. 

Ps, 1 Diagonal crack at bottom, 11 ins. troy 
ter, running to center at top where 
ing occurred, 

Pp, 4 Hair-line crack at bottom, 4 ins. from 
ter, widened and ran a short distan. 
side; final failure occurred by crus) 
of concrete at top, 


Ps, 4 Similar to P*,; except that hair-line «) 
started at center. 
J, 3 Hair-line cracks at bottom, 10 ins. each - 


of center, ran up side a stort dist; 
Final failure by sudden diagona) «; 
from center at top to end support. 


J, 3 Sudden failure by diagonal crack from « 
& ter at top to end support. 
J53 1 Sudden failure by two diagonal cracks 


same side of center, 15 and 22 ins. fr; 
the center, running from plane of ri 
to center at top. 

1 Sudden failure by diagonal crack 18 
from center running from plane of ro). 
to center at top, and crack in plane 
rods fsom first crack towards end. 


4 Many hair-line cracks along bottom. 
cretecrushed attop. Secondary diagon: 
crack. 

a8, 1 Several hair-linecracks on sides. Diagona) 


failure crack 12 ins. from center, ru) 
ning from plane of rods to center at to» 
Irregular cracks in plane of rods. 


R, 1 Diagonal crack 13 ins, from center, running 
* _. from plane of rods to center at top. 
R, 1 Many hair-line cracks on bottom. After 


ultimate load was reached, diagonal 
cracks appeared 14 ins, on each side «of 
center. 

RS; 1 Sudden failure by diagonal crack 17 ins 
from center, running from plane of rods 
to center at top. Secondary crack run 
ning from first crack towards end in 
plane of rods. 

R*, 1 Irregular diagonal crack 22 ins. from cen 
ter at bottom tocenter attop. Two large 
eracks across bottom 15 and 17 ins. 
from center. 


R8, 4 Many hair-line cracks. Concrete crushed 
at top. 
TT, 1 Diagonal cracks 9 ins. from center on both 


sides at bottom towards center at top. 
Secondary crack running from first crack 
towards end in plane of rods. 


TS, 2 First hair-line cracks 3 ins. from center, 
ena and ran up towards center at 
»p. 

TS 2 Same as T5,-crack, 4 ins. from center. 

2 “ 2 ins. “ 

Ts, 2 “ “ “ 4ins. “ “ 

Ts, 3 “ 2ins. 

Uy 2 Sudden failure, by vertical crack 2 ins. 
from center, 

Us, 2 Sudden failure, by vertical crack 4 ins. 


from center, 


fixed by means of a template. The rods were then intro- 
duced, concrete added, and gently tamped, more concrete 
added and thoroughly rammed as above described. 

The water rose freely to the top during ramming. A 
wet mixture was chosen to insure solidity and uniformity 
of the concrete and the adhesion of the imbedded rods. 
No. voids appeared in the fractured surfaces of any of the 
broken specimens, and the bond between the rods and the 
concrete was continuous and apparently perfect. 

The specimens were stored in the laboratory at a tem- 
perature of about 70° F. The 8-ft. beams were left in the 
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Fig. 2. Cross-Section of Mountain Over Gunnison 
Tunnel. 


molds for about a week, the 5-ft.. beams for about three 
days. No measures were taken to keep the surfaces 
damp during hardening, and no visible shrinkage cracks 
developed. The weight of the concrete was about 154 Ibs. 
per cu. ft, 

Wooden molds of two types were used: The one hinged 
longitudinally along a central line at the bottom, the 
other with one removable side-piece. The latter proved 
more convenient. In both types the end-pieces were de- 
tachable, 


Specimens were also prepared for compression, tension 


Method 
No. of of P| 
beam. Failures. 
Ps, 
7 / 
| 
| 
D \u 
7 
| | 
/ 
/ | \ 
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TABLE II. TABLE III. 
Load at hair- Load at fail- Ultimate Deflection at Defleetion at 
adatwhich Load at which Deflection Deflection at 
Age crack failurecrack Ultimate athairline at failure Beam. line crack. ure crack, load. crack. 
N ane was first noticed, appeared, load, crack, crack, pounds. pounds. pounds, inches. j ies, 
wm pounds. pounds. pounds, inches. inches. Ps Not observed. 10,500 10.500 Not observed. © 1608 
‘ ds 9,400 11.100 11.100 | 
80 Not observed. 10,500 10,56 Not observed. 1638 RS 8.700 10,150 10.U50 0.1281 1752 
20 9,290 9,290 +1485 TS 6,500 9.600 10,000 0.0808 2081 
ps 30 5,500 7,000 7,500 -2816 +4480 he 8100 0 2876 
5,500- 6,000 6,750 7,280 -2814-.3287 Ts 6550 @'a50 0.2627 
000-10 500 12.000 12,000 .1319-.1438 -1776 
7,000 10,300 10,300 .0743-.0846 "1875 TABLE IV.—Amount and Properties of Reinforcing Steel. 
30. 10,725 10,725 :1475-.1618 11618 
14 30 4,000- 4,500 9,090 9,160 -1499-. 1806 6415 Type sq. in. % of cross Elastic Ultimate Modulus of tien ins 
j 30 6,000 7,950 8,110 3359 4952 of rod. section. limit. strength. elasticity. ins. %. 
Ree 30 9,500-10,000 10,430 10,430 -1423-.1628 - 1628 P 0.75 1.17 40,500 60,600 80,500,000 23.5 
30 8,000- 8,500 11,020 11,020 -1036-.1175 -1958 O54 O.84 65 800 102.300 28,500,000 13.5 
Rie 31 7,500 9,000 9,000 -1040 -1671 R 1.10 58.000 86,500 265 7.75 
30 5,500 7,390 Tv 0.59 0.92 31,900 51,300 28,500,000 13.0 
R 30 6,000 8,750 »780 -2817 -6229 
Ts 6,500 8,000 8,520 O887 1895 
r ! 30 6,500 10,780 11,240 O768 2283 TABLE V.—Elastic limit of Thacher Rods Before and After Molding in Concrete Beam 
fr 80 6,500 10,000 10,180 OT70 1974 The elastic limit was determined by drop-of-beam. The values given are in pounds per 
rs 30 5,000- 5,500 6,150 6,370 -2213-.2599 -3933 square inch. 
T, 30 5,500 7,130 7,300 = 22515 4266 Unused ——From 8-ft. Beam.—— —From 5-ft. Beam 
re 30 5,000- 5,500 6,400 8 850 »2270-.2769 5080 reds, End, ‘Center. End. Center, 
0% 30 0063 32,080 38,650 40 200 41,710 40,0002 
30 720 -0126 36,450 40,200 41,130 42,9301 $4,000 
34,640 39,700 41,960 49,920! $6,170 
and adhesion tests, which will be described in more de- The first indications of Average values 34,370 39,520 41,100 44,%50 43.300 


failure were in the form of 
very fine hair-line cracks, 
transversely across the bot- 
tom of the beam for a length of one to two inches. The first 
to appear were 1 to 4 ins, from the center. On increasing 


tail hereafter. 

BENDING TESTS.—The beams were supported at the 
ends on straight, rounded, steel saddles, grooved on the 
bottom and resting on curved, rounded bearings. The 
load was applied through a straight, rounded bearing at 


1Broke in round section, *Broke in flat section. All others broke at connection between 
round and flat section, 


rods, along this plane. In the case of failure by method 
4, there were also indications of failure by method 2, but 


the center acting on a steel bearing-block 2 ins. wide and 
8 ins. long, flat on the bottom and having a rounded 
groove at the top, curved in a plane normal to the direc- 
tion of the beam. Thus there was perfect freedom of ad- 
justment at the bearings, and the influence of eccentric 
loading wag practically eliminated. The load was applied 
to the reinforced beams in increments of 500 Ibs. In the 
case of the two unreinforced beams, the load increment 
was 250 Ibs. for beam U,° and 200 lbs. for beam U,*. The 
deflections were read at the middle of the span on both 
sides of the beams by means of a pair of micrometer 
screws reading direct to 0.0001 in., supported in a yoke 


Max. Height of Water Surface. 


the load others soon appeared at various points across the 
bottom up to 10 ins. on both sides of the center. These 
cracks widened and lengthened for a few hundred pounds 
increment of loading, and then in the majority of cases 
remainéd stationary. In the case of beams R,° and R;', 
for which the load wag released after each successive 
application, these cracks disappeared entirely during the 
release of the load. 

Broadly speaking, final failure occurred in four dif- 
ferent characteristic ways designated in the table by the 
numerals 1, 2, 3 and 4, which may be described briefly 
as follows: 


the vertical cracks near the bottom ceased to develop after 
crushing began at the top. 

The manner of failure in each case is described more 
minutely in Table I. In beams P,° the rods slipped, im 
mediately before final failure. In beams P,® and 
T,5, the adhesion between the rods and the concrete was 
broken by the crack along the plane of the rods. The 
rods in these beams slipped in consequence, but after (not 
before) final failure. In none of the other beams was 
there any longitudinal movement of the rods. Careful 
watch was kept on such movement by observing the end» 
of the rods, 


FIG. 3. CROSS-SECTION OF GUNNISON TUNNEL WITH CONCRETE 


LINING. 


clamped to the beam in the plane of the rods. These 
Screws made electric contact at the center of a pair of 
longitudinal steel bars supported by clamp screws at- 
tached to a yoke directly above the end bearings and at 
or about the neutral plane of the beam. These bars 
were pivoted at one end, and allowed to slide freely on 
rounded pins at the other. As a matter of fact, no such 
longitudinal movement could be discerned as the tests 
progressed. To minimize the chance of error, every read- 
ing throughout these tests was made independently by two 
observers, 

In the tables following, the beams are designated by the 
initial letters of their reinforcement: “P’ stands for 
plain reds, “‘J’* for Johnson, “‘R’ for Ransome, and “T”’ 
for Thacher rods. “‘U’* indicates unreinforced beams. The 
*xponents denote the spans in feet and the subscripts the 
“unning numbers of the tests in each individual set. 


Section 


to be removed 
when Concrete Floor 
is laid». 


* Section A-B. 


Section C-D. 
FIG. 4. CROSS-SECTION OF TIMBER LINING FOR GUNNISON TUNNEL. 


1. By a diagonal crack starting at the plane of the 
rods and running up to the center at the top at a mean 
angle of about 30° with the horizontal. 

2. By a vertical crack, starting by the enlargement 
of a hair-line crack running across the bottom and up the 
sides, not more than 4 ins. from the center. 

3. By a sudden diagonal crack from the center at the 
top to the end support at the bottom. 

4. By crushing at the center at the top of the beam. 

Failure occurred by method 1 in 12 cases, by method 2 
in 7 cases, by method 3 in 2 cases, and by method 4 in 4 
cases. 

In cases of failure by method 1 the diagonal crack de- 
veloped more or less suddenly. In some cases this crack 
extended to the bottom of the beam and across the same. 
More commonly, however, it continued, from the point 
where it reached the plant of the upper surface of the 


Table II. slows: (1) The loads at which the hair-line 
cracks were first observed; (2) the loads at which the 
failure crack became clearly apparent; and (3) the ulti- 
mate loads. The deflections corresponding to the first and 
second loads are also given. The hair-line cracks, which 
were exceedingly minute and appeared first at the bottom 
of the beams, escaped detection in beams P,5, P,°, P,* and 
P,*, which were the first beams tested. In all of the re- 
maining reinforced beams a careful watch was kept on the 
appearance of these minute fissures. In some cases they 
first became evident during the application of the load in- 
crements. In such cases the values of the load limits be- 
tween which these cracks became noticeable, are indicated. 
In all such cases the deflections corresponding to both 
loads are recorded. It is to be observed that the beams 
were all tested at the age of 20 days, except beam P,’ 
which was tested at 20 days, and beams P,* and R,’, which 
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TABLE VL—Compression Tests on 6-in. Cubes. 
Ultimate Total Loads in Pounds, at 30 days, in Air. 
Cubes from different Cubes from single 


mix'ures. mixture. 

78,800 57,000 

49.200 54,000 

49,100 55 400 

52,500 59,000 

53,300 60,200 

57,900 61,000 

90,100 58,000 

49,200 54,000 

74,200 61,200 

50 000 

Average values......... 61,600 57,000 
Aferage ultimate strength in 


wae tested at 31 days. The influence of the difference of 
a single day in the age of the three beams mentioned, is 
regarded as negligible without sensible error. 

The moduli of rupture of the two unreinforced beams, 
computed by the common theory of flexure, were found to 
be 287 and 250 Ibs. per sq. in. for the 8 and 5-ft. beams, 
respectively, including their own weight, the weight of 
these two teams being 600 Ibs, for the 8-ft. and 380 Ibs. 
for the 5-ft. beam. 

The aver*ges of the values in Table II. for the various 
types of reinforcement and for the two span-lengths used, 
are shown ‘4 Table III. In computing these averages the 
higher valu’s in columns 3 and 6 of Table Il. were used. 

Attention has previously been called to the fact that 
while the r°¢s were nominally %-in. square, there was 
actuelly a Considerable difference between the smallest 
laterel dime ‘ions of the rods of the different types. These 
dime:'sions *@ well as the percentage of the metal section 
to the total eo of the beam, are given in Table 
IV. 

The ar the elastic limit in this table represent in 
reality the vajues of the yield points; that is to say, these 
values were ‘ixed by the drop of the scale-beam. The 
values of the’ actual elastic limit were somewhat lower. 
In the case of the Ransome rod there was no well-defined 
indication of w drop. Each value of the elastic limit, ulti- 
mate strength and modulus of elasticity in Table IV. rep- 
revents the man of two tests, except the values of the 
elastic limit an’1 modulus of elasticity of the Ransome rod, 
which are baseli on single tests; owing to the twist of this 
rod it was sonfewhat difficult to make satisfactory deter- 
minations by nieans of the extensometer. The individual 
tests constituting eXch pair showed a fair agreement, 
especially for the s¢fter steel. The differences were as 
follows: 

Elastic Limit: P, 4,000; J, 3,000; T, 2,600 Ibs, 

Ultimate Strength: .P, 4"); J, 6,400; R, 8,400; T, 1,500 
Ibs. 4 

Elongation in 8 inches: 1, 1.0; J, 1.0; R, 0.5; T. 2.0%. 

The moduli of elavticity, showed a substantial agree- 
ment for rods of the: sam¢, type. It is to be observed, 
however, that the vafues of the moduli of elasticity are 
based on the average uni deformations for the gage- 
length of 8 ins. For the Johnson rods this is doubtless 
somewhat less than the uni! deformations of the smallest 
sections, for which the unit stresses were computed; that 
is to say, the modulus of e'‘sticity of the material itself 
in these rods is somewhat l«wer than indicated in Table 
Iv. 

Two of the beams reinforc&éd by Thacher rods (T,;° and 
T;*) were broken open sev’ ral days after failure and 
pieces were cut from one d and from the center of 
each rod. The yield point of?these twelve specimens was 
determined by the drop of the scale-beam, checked by 
means of dividers. The values thus found, as well as the 
corresponding values for unused rods of the Thacher type, 
are shown in Table V. 

It is seen that the average value of the elastic limit for 
these three unused rods is somewhat higher than the 
average of the two rods in Table IV. The average elastic 
limit of the five rods is 33,380 pounds. This average, as 
well as the maximum value, is less than the values found 
from the rods which had been molded in the beams. 

COMPRESSION TESTS.—The compression tests on the 
concrete for determining the modulus of elasticity 
were made on four 6x 6 in. , prisms, 24 ins. long 
30 days old. Collars were attached to the prisms by 
means of pointed set-screws making contact at the center 
of the four sides. The gage-length, center to center of 
set-screws in the upper and lower collars, was 18.5 ins. 
An Olsen compressometer, with micrometer reading di- 
rectly to 0.0001 in. was used for the measurements. The 
iingers of this instrument were put in contact with ver- 
tical extension rods of suitable lengths, attached to the 
upper and lower collars at diagonally opposite corners. 
By electric contact in conjunction with a telephone re- 
ceiver the apparatus was sensitive to one-half of one 
division, or 0.00005 in. 

The modulus of elasticity was sensibly constant for the 
first three specimens up to a unit stress of about 500 Ibs. 
Its value, in round numbers, for tests Nos. 1 and 2, up to 
this limit, was 2,000,000 and for test No. 3, 2,300,000 Ibs. 
per sq. in. The diagram for No. 4 was less uniform. The 
value of the modulus of elasticity based on the average 
slope up to 600 Ibs. per sq. in. was in round numbers, 
2,700,000 Ibs. per sq. in. The ultimate compressive 
strength of these prisms was 42,000, 41,500, 46,000 and 
47,500 Ibs. respectively. 


TABLE VI1.—Pulling-Out Tests. 
Kind of Total Load per lin. 
Rod, Load. inch of rod, Remarks. 


13,660 1,138 El. Lim. passed, Conc. cracked- 
Johnson (12,830 1,069 as “ 


9/980 832 Concrete cracked. 
6,280 524 Rod pulled out, 
Plain 6,190 516 
10,420 3658 Rod broke. 
Thacher 8,890 741 Concrete cracked. 
9,970 831 Rod broke. 


22,690 1,891 Concrete cracked. 
Ransome 16,680 1,390 
19,290 1,608 Rod pulled out, 


Compression tests were also made on nine 6-in. cubes, 
molded from nine different batches of concrete used in 
making the beams. The resulting values which were 
somewhat erratic are shown in Table VI. Ten 6-in. cubes 
were also molded from a single batch of concrete of the 
same composition used throughout these tests. The re- 
sults for this series, which were much more uniform, also 
appear in Table VI. 

The surfaces of these cubes were trowel-finished with 
the greatest care, and the loads were applied through flat 
metal bearings. The pressure was brought upon the 
upper plate through a spherical bearing block. 

It is to be observed that the same percentage of water 
(16% of weight of sand and cement) was used for these 
prisms and cubes as for the beams. Two 6-in, cubes 
mixed with 10% of water (instead of 16%) and thoroughly 
rammed, the one placed in water, the other in air for 30 
days, developed a compressive strength of over 100,000 
Ibs., the capacity of the testing machine used. 

TENSION TESTS.—The specimens for tensile tests were 
made of eyebar form. The cross-section was 4 x 4 ins., 
the width of the heads 6 ins., the distance from center of 
1%-in, pin-hole to back of head was 2% ins. The gage- 
length between centers of set-screws through upper and 
lower collars was 9% ins. The eyebar heads were made of 
a rich mortar, reinforced with expanded metal curved 
half-way around the heads, midway between. the pin-hole 
and the outer periphery. Five specimens were made of 
plain concrete, and four specimens were reinforced with 
single central rods of the four types used. In two speci- 
mens the heads were reinforced by means of pairs of ex- 
panded metal pieces parallel with the plane of the outer 
flat surfaces of the eyebars. The pins were swiveled in 
double stirrups held in the grips of the machine. Microm- 
eter readings were taken on opposite sides to 0.0001 in. 

In most cases the specimens broke in the body. The 
readings of the two micrometers were, however, so widely 
divergent and so erratic and the ultimate strength so low, 
that it was evident that, through slipping of the grips, and 
through want of provision for angular adjustment in the 
plane normal to the face of the bars, failure was brought 
about through bending. The results are considered value- 
less, and are not given. It was apparent, however, that 
the elastic deformation of the bars provided with central 
reinforcement was considerably lower than that of the 
plain-concrete bars. 


ADHESION OR PULLING-OUT TESTS.—The tests for 
adhesion were made by imbedding the rods centrally in 
6 x 6-in. concrete prisms, 12 ins. long. The rods were 
imbedded for the entire length of the prisms. The speci- 
mens were molded with the rods lying horizontally as in 
the case of the beams. These tests were also made at the 
age of 30 days and the results are given in Table VII. - 
The rod was passed through the movable cross-head of 
the machine and gripped in the upper fixed cross-head. 
The surface in contact with the lower face of the movable 
cross-head was bedded in plaster-of-Paris after the rod 
had been secured in the grips. The plaster was allowed to 
harden under an initial load of 1,000 pounds. In all cases 
where the concrete split the contact between the rods and 
the concrete proved to have been very good. It will be 
seen that in most cases failure occurred by the breaking of 
the rods or the cracking of the concrete, thus giving no 
definite indications of the value of the adhesion, or rather 
the strength of the bond. 


A COLLIMATING GUNSIGHT. 


With rapid-fire guns of very costly construc- 
tion, expensive projectiles and high-power ex- 
plosives, the importance of rapid and accurate 
aiming must be generally recognized. A shot 
costs too much at the present time to be wasted 
by reason of any personal error in adjusting the 
sights. 

A novel collimating gunsight is teing in- 
troduced by Messrs. Vickers Sons & Maxim, 
Ltd., under the name of the “Grubb” sight, and is 
applicable either to small arms or to small ord- 
nance. The purpose of this sight is to obviate the 
ordinary difficulty of seeing distinctly at one time 
both the ordinary foresight and the distant ob- 
ject. By a simple optical contrivance a “‘ghost” 
image of a cross, or any other symbol, is seen as 
if projected upon the object aimed at. ‘The re- 
sult is that the marksman has only to look at the 
distant object and to see that the cross is super- 


imposed upon the object. No backsight 
quired. 

The principal features of this sight—as 
scribed in the “Journal of the Unitea States 
tillery,” Vol. XXI., No. 2, are shown in the 
gram given herewith. Externally it is a sh 
rectangular metallic tube which is attached t 
rear of the gun-barrel, Permanently or ¢ 
porarily, as desired. The rear end of this tyh 
closed by an inclined piece of plate-glass, silye 
on the inner face at the bottom third only. 
front end of the tube is closed by a concayo- 
vex lens, set at an inclination about half tha: 
the rear glass. The concave inner surface of 
front glass is coated with a semi-transparent . 
highly reflective film chemically deposited. J 
above the concave glass—in a sort of hood, is 
serted a diaphragm made of glass and coated » 
some opaque coating on which is cut the cross | 
or other sighting device. 

In operation, the marksman looks through 1! 
tube at the distant object, and sees superimpo: 
upon the distant object the reflected image of th, 
cross. 

The operation of sighting is the same as wit}, 
any other device, and consists simply in bringing 
the sighting cross into coincidence with the poin: 
to be aimed at. 

The present device differs, however, from eithe, 
a plain or a telescopic sight. It forms an imag: 
(virtual) of the sighting cross in the plane of the 
object aimed at, so that there is no parallax: 
nor does the eye require to adjust itself to two 
different distances, It differs from the telescopic 
sight in that the rays of light from the object pass 
only parallel surfaces of glass, so that there is no 
refraction. No image of the object is formed by 
the device as occurs in a telescopic sight. This 


Cross Mark. 
on this 


*“~Concavo- Convex Lens, 


‘Plate Glass Silvered 
Coated on Bottom Third. 
Haws. Reflecting Film. 
Diagram Illustrating Optical Principle of the Grubb 


Gun Sight. 


has the advantage that the field of view is not re- 
duced. However, the principle can be applied a'so 
to a telescope. 

The “Grubb” sight has been fitted to Mauser 
and other service rifles, to sporting guns ani to 
Maxim guns and similar small ordnance, The 
sight is adjusted for the various ranges by turn- 
ing a small disk on top of the sight. This disk is 
connected with a screw, the threads of which en- 
gage with teeth on a segment fixed to the sight 
bracket. The underside of the disk has a spiral 
groove which engages with a stud on the range 
indicator, and this indicator is moved longitu- 
dinally by turning the disk. 


THD INDIANA STATE FORESTRY RESERVATION 
was established as a result of a law passed by the Indiana 
legislature in 1903, authorizing the purchase of a tract of 
land at a cost of not exceeding $8 per acre, the appointment 
of a superintendent for the same, and its improvement for 
the purpose of tree culture and general forestry. The site 
selected is in Monroe Township, Clark Co. In purchasing 
this land the State Board of Forestry had several pur- 
poses in view. The plan is to cut out all small stunted 
timber of undesirable species and preserve only those of 
commercial value. It is also the purpose to establish 
buildings to be used by summer visitors and students in 
botanical research. Underbrush, dead and defective 
growth and unsightly debris were removed from a large 
area during the summer. Roads have been constructed 
and all old buildings and fences taken away. On one of 
the most commanding elevations, Hollister Knob, are the 
administration buildings, and resident headquarters for the 
custodian. This knob located near the western boundary 
of the reservation, has an altitude of about 300 ft. above 
the mainland of the reserve. One of the first acts of the 
Board of Forestry was to establish the boundary lines 
more definitely and to make a topographical map of the 
reservation. The survey was made by students from the 
Civil Engineering Department of Purdue University, and 
the above particulars are taken from a short paper by Mr. 
R. V. Brewster in the “Proceedings of the Purdue Society 
of Civil BEngineer:: z. 


m 


|_| 
/ass 
Line of Sight | / Ss 


otember 8, 1904. 


ENGINEERING NEWS. 


219 


VGINEERING NEWS 


A Journal of Civil, Mechanical, 
Mining and Electrical Engineering. 


-ed at the New York Post-Office as Second-Class Matter. 
Published every Thursday 

at St. Paul Building, 220 Broadway, New York, by 

ENGINEERING NEWS PUBLISHING CO. 


PUBLICATION OFFICE, 220 BroapwayY, NEW York. 
CHICAGO OFFICE, 16.6 MONADNOCK BLOCK. 
Boston OFFICE, 170 SUMMER ST. 
FOREIGN AGENTS. 
& Co, Snow Hill, Holborn Viaduct, Lonpon. 
RvupoLF Mosse, BERLIN and HAMBURG, GERMANY. 
jon F. Jones, & Cig, 31 Rue de Faubourg Montmartre, Paris. 


SUBSCRIPTION RATES: United States, Canada and 
Mexico, One Year, $5.00 ; 6 months, $2.50: 10 weeks, 
$1,.0. Toallother countries inthe Postal Union: Regular 
E.lition. One Year, $8.00 ; Thin Paper E lition, One Year, 
$0.75. SINGLE COPIES of any number m current Vol- 
we, 15 cents. 

In requesting change of mailing address, state BOTIT 
old and new address; notice of change should reach 
us by Tuesday to be effective for the issue of the current 
week. The number on the address label of each paper 
indicates when subscription expires, the last figure indi- 
cating the year and the one or two preceding figures the 
week of that year; for instance, the number 325 means 
that subscription is paid to the 32d week (that is the issue 
of Aug: 10) of the year 1905 ; the change of these figures 
is the only receipt, unless one is sent by special request. 

ADVERTISING RATES will be furnished upon ap- 
plication. “ Want” and “ For Sale” notices (special 
rates), see pages 26-27. The pages for new “Want” 
“ Proposal” and “ For Sale”? advertisements are held 
open until Wednesday noon. 


The grade crossings of electric railways with 
other railways and with the public roads are be- 
coming a greater source of danger and a more 
frequent cause of grave disasters with every pass- 
ing year. Not only is the number of such death 
traps rapidly increasing but the rapid increase 
in speed on electric lines and the growth in traffic 
and train service multiplies the periods of daily 
danger at every such crossing. 

In Indiana, where electric interurban railways 
have had a large development within the past 
few years, there are now* 151 grade crossings 
of steam railway and interurban electric railway 
tracks, and the tutal number of tracks crossed 
is 232. This is an average of one grade crossing 
of a double track railway every five miles. Of 
these crossings, 116 are in towns and cities and 
35 are in the country. The making of these 
grade crossings has been almost invariably op- 
posed by the steam railway companies, whose 
officers have appreciated far better than the pub- 
lic authorities the great danger which has thus 
been created. Their efforts have resulted, however, 
in only 24 crossings made over or under grade, as 
compared with the 151 grade crossings above 
mentioned. 

As evidence of the torpid state of public opin- 
ion respecting these grade crossings, it may be 
noted that only a single one of them is protected 
by a complete interlocking plant, although 22 
ethers have hand-operated derailing switches 
which have to be clos2d by the electric car con- 
ductor from the opposite side of the steam rail- 
way tracks before the electric car can cross. 

As our readers are aware, the steem rail- 
ways of Chicago have spent great sums 
of money in elevating certain parts of their 
lines and eliminating grade crossings, yet 
there still remain many such crossings in 
that city which are the scene of frequent acci- 
dents. Recently the accidents at crossings of 
steam and electric railways have become so nu- 
merous in and around Chicago and throughout 
Illinois that the city authorities of Chicago and 
the State Board of Railroad Commissioners have 
taken action. The city has passed orders re- 
quiring that all such crossings must be equipped 
with gates, and that street cars must come to a 
stop 200 ft. from the crossing. A proposition to 
require the use of derailing switches in the street 
railway tracks is also under consideration. The 


*These feures are from a paper by Robert P. Woods, of 
Indianapolis, read at the last annual meeting of the In- 
diana Engineering Society. 


Board of Railroad Commissioners has ordered two 
meetings, one at Chicago and one at Springfieid, 
which the managers of steam railways, street rail- 
ways and interurban electric railways are called 
upon to attend to discuss the grade crossing ques- 
tion. 

The electric railways have claimed that they 
are not within the jurisdiction of the law re- 
lating to grade crossing protection, for the reason 
that the law was passed before such railways ex- 
isted. In one case the court has held that 
electric lines are “railways'’ within the mean- 
ing of the law, but no such decision has been 
finally laid down. It is to be hoped, however, 
that the courts will finally sustain the position 
taken by the Illinois Railroad Commission, that 
all railway grade crossings are under its authority. 


The latest great electric railway grade crossing 
disaster to be reported occurred after the pre- 
ceding note was in type. We refer to the wreck 
of a street car at a St. Louis grade crossing by a 
Wabash World's Fair shuttle train, on the after- 
reon of Sept. 3. The car contained some iW 
bersons, of whom 7 were killed outright and 19 
received serious’ injuries. The crossing was 
guarded by two watchmen, one of whom had a 
flag and the other a tell, but apparently there 
were no crossing gates, or else they were not 
lowered. The street railway rules required the 
car to stop 15 ft. from the crossing and the con- 
ductor to g» ahead of the car and see ‘hat the 
track is clear and signal the motorman to cross. 
From the newspaper reports it appears that the 
car stopped at the crossing and then started up, 
and stopped directly on the track close in front of 
the approaching pass32nger train. It was stated 
by passengers that the conductor did not get off 
the car but said to the motorman: “Go ahead, 
I guess it’s all right.””. The motorman may also 
have mistaken the signal of the flagman on the 
crossing. 

It is worthy of record that a previous fatal 
disaster occurred at this same crossing on Jan. 19, 
1892, when a large sleigh was struck on the cross- 
ing and 8 of its occupants were killed. Only a 
year ago another accident was narrowly averted 
at this same crossing. The gates were down and 
a train was approaching when an electric car 
crashed through the gates and crossed the track 
just in time to escape the engine pilot. 
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Electric power transmissicn over long distances 
has been steadily advancing during the past few 
years with constant new records of greater and 
greater distances, and the use of higher and 
higher potential. The advance in commercial 
work from tw2nty to two hundred miles, and from 
10,000 to 60,000 volts, has been achieved within 
less than a decade. The amount of work on the 
design of electrical details which that advance 
has involved is not generally realized by the out- 
sider, nor even by such electrical engineers as are 
not in close touch with high-tension problems. 
In a general way, the difficulties have included 
power factor, regulation and resonance, switches, 
safety devices and what not; but first, last and 
all the time has been the matter of insulation, 
and this still remains the point of greatest diffi- 
culty. The many thousands of porcelain or glass 
line insulators, all of which must remain in per- 
fect condition in spite of moisture, dust and bul- 
lets, constitute a very complex problem to the 
electric transmission engineers 

A paper which is reprinted on another page of 
this issue gives some suggestion of these diffi- 
culties arid also brings out clearly another diffi- 
culty which promises to limit the increase in 
voltage in transmission, as those who work in 
this field will recognize—the brush and glow dis- 
charge from the line wire itself. What this brush 
discharge involves is, first, a large power loss, 
and, second, a great strain on the insulators. 

It will be noted that the line in question was 
stressed to but 40,090 volts from each wire to 
ground, which is not « remarkably high vo'tage; 
yet the insulators failed quite rapidly, though 
the line was only 16 m‘les long and the number of 
insulators, therefore, relatively small. The power 
loss is equally important, and it increases very 
rapidly with slight additional increase tn voltage, 
so that it becomes economically essential to work 


a transmission line at a normal voltage below 
the brush discharge limit. While this limit rises 
somewhat as the size of the conductors is in- 
creased, it yet sets fairly definite bounds to the 
raising of transmission voltages beyond their pres- 
ent point. Whether special means may yet be 
found for removing this limitation remains for 
the future to determine. 


The communicable character of pneumonia 
and the susceptibility to the disease of those sub- 
jected to exposure in bad weather render signifi- 
cant to engineers and contractors the high mor- 
tality from that disease which has been reported 
of late from various parts of the country. The 
disease is by no means confined to the winter 
months, and, as is known to the sorrow of many, 
it attacks the strong as well as the weak. 
Crowded quarters promote the spread of the 
disease, through lessening the resisting power of 
the individual to the inception and to the attack 
of pneumonia and by greatly facilitating the 
spread of the disease from person to person. The 
moral of these facts, as applied to engineers and 
contractors, and particularly to those in or re- 
sponsible for contractors’ camps, is to avoid 
overcrowded and poorly ventilated quarters for 
themselves and for their men, and to enforce 
proper measures of isolation upon all persons 
suffering from pneumonia, 

Garbage disposal at Chicago continues to be 
carried on in the same old shiftless way that has 
been followed for years. Writing on this topic, 
the Chicago “Tribune” recently said: 

The present method of removing garbage by dumping 
it-out on vacant tracts of land within sight and smell of 
the people of the adjoining neighborhoods gives Chicago 
too strong a resemblance to an African village. There 
have been three or four aldermanic tours through east- 
ern cities for the purpose of collecting garbage ideas. 
When the first tour was over we had as many ideas as 
we have now. If by a year from now we haven't put some 
of those ideas into operation we shall deserve to have an 
application made on our behalf to the charity of some 
philanthropic millionaire. 

But why should Chicago, or any other city for 
that matter, expect any valuable practical results 
from junketing excursions of aldermen to visit 
engineering works of whose merits or demerits 
they are incompetent to judge? Would a private 
corporation send its Board of Directors to study a 
complicated technical art, or would it seek the 
advice of experts skilled in that art? If Chicago 
wants a decent system of garbage disposal it 
should treat the problem exactly as it has the 
problems of sewerage and water supply, and 
refer the matter to some engineer competent to 
decide as to the system which it would be most 
advantageous for the city to adopt. 


NEEDED IMPROVEMENTS IN RAILWAY TRACK AND 
MAINTENANCE OF WAY. 


There has long been a tendency in this country, 
particularly among writers for popular period- 
icals, to draw comparisons between American and 
European railways, to the disadvantage of the 
latter. However satisfying such comparisons 
may be to our national pride, they are not par- 
ticularly helpful to our practice. With much 
greater profit we might imitate the practice of 
the foreign railway companies which have sent 
their engineers here to study American methods 
of railroading, and send our own engineers to 
Europe to see what they might learn from the 
methods of working in force there. 

American railways have undoubtedly been buflt 
very much more cheaply and quickly than those 
of any other country; but if we consider the con- 
dition of large portions of many of our lines 
which now carry a heavy traffic, and the large 
annual expenses for maintenance work, perhaps 
we should find less satisfaction from the com- 
parison. It was real economy to build our rail- 
ways cheaply in the first place, for they were 
generally built in advance of the traffic to develop 
new country. But the conditions have changed, 
and many main lines which have become 
crowded with traffic have not yet been rebuilt to 
bring them in proper relation to the operating 
conditions. Timber trestles, sliding slopes, un- 
protected side-tracks, and single track worked 
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beyond its economical capacity (and without the 
block system), are features common upon even 
the most important lines. It is often said that 
the financial condition of the companies forbids 
more expensive and substantial work; but let us 
not forget the peculiar financial transactions 
which have marred the history of some of our 
great companies, and which have been the real 
cause for inadequate expenditures on permanent 
way. 

There fs one point in particular wherein Ameri- 
can railways show at a disadvantage, in com- 
parison with European roads. We refer to the 
track which carries our huge freight  loco- 
motives with their long and heavy trains, and our 
fast passenger trains with their enormously 
heavy cars.. Although many improvements have 
been made within recent years, there is no doubt 
that the track of many of our main lines still com- 
pares unfavorably with that of leading Eurcpean 
railways in both construction and maintenance, 
especially in view of the character of the equip- 
ment and traffic. There are undoubtedly many 
individual stretches of track well built and main- 
tained, but, taking the lines generally, it may be 
safely said that American railway track is below 
the standard that should be attained, and en- 
tirely out of proportion to the weight of rolling 
stock and velume of traffic which it carries. 
Weights and speeds and trains have been in- 
creased, without corresponding increase in the 
strength and stability of the track. 

The trouble is not due so much to the appro- 
priations and expenditures for track work being 
insufficient, as it is to the policy under which 
these appropriations are made and expended, 
owing to a failure to realize the governing econ- 
omic conditions. In hundreds of cases, money is 
spent over and over again upon the same piece of 
work or the same stretch of track, without any 
permanent improvement being obtained, and as a 
result such expenditures must be continued in- 
definitely. The principle should be more clearly 
and generally recognized that expenditures on 
radical or permanent improvements may effect 
important economies in maintenance and in other 
departments of the service. 

Of the shape of our rails we have reason to be 
proud, since the section now most generally used 
fs the result of long and careful expert investi- 
gation, while extended experience has provei its 
merits. The weight of rail is, as a rule, sufficient 
for the character of the traffic, but the quality of 
the steel is frequently unsatisfactory to the 
engineers who have to lay it and care for it. 
Even the best and heaviest rails, however, are 
too frequently laid on a defective sub-structure, 
with old and\ uneven ties and loose ballast, the 
track not being designed, built and maintained 
as one homogenous structure. 

At the St. Louis Exhibition there is an exten- 
sive display of locomotives and cars of all kinds, 
but the American track is represented mainly by 
a limited and very ordinary display of patentei 
foints, frogs and switches, and minor accessories, 
exhibited by manufacturers and not by rail- 
ways. In marked contrast to this exhibit is the 
very complete and interesting railway exhibit of 
the German Government railways, which is an 
object lesson worthy of careful study. The rails 
are not especially heavy, 86 Ibs. per yd., but in- 
stead of representing rails simply laid upon and 
tacked to a miscellaneous collection of good, bad 
and indifferent ties, they represent the wear'ng 
surface of a track structure, and it is in this re- 
spect that the track challenges comparison with 
American track. There are three sections of 
double track, laid partly with steel ties and partly 
with wooden ties, all the latter being treatei by a 
preservative process. Strong tie-plates are placei 
between the rails and the ties, which are held 
together by bolts for the steel, and screw sp'kes 
for the wooden ties. Some of the screw spikes 
are fitted to wooden dowels or sleeves, which are 
inserted in the tie. The splice bars are well 
shaped and well-fitted to the rail, cleanly cut in 
the flanges to fit the tie plates, and stiffenei by 
webs projecting below the rail flange. Creeper 
plates are placed at intervals, being carefully 
shaped to fit the tie-plates. The whole construc- 
tion is substantial and workmanlike. 


In the frogs and switches also there is marked 
difference from American practice. The switch 
rails, instead of being planed down from ordi- 
nary rails and having long, thin tongues, are of 
specially rolled section, almost rectangular (even 
to the extreme point), with a fin or rib on the top 
to fit against and partly beneath the rail head. 
This rail requires no such reinforcing as is some- 
times applied to the long, thin, planed switch rail, 
and it would be practically impossible to spring it 


‘out of shape. The throw of the switches is un- 


-usually great. At each switch a long steel plate 
is placed on the ties, under the stock and switch 
rails, and a similar plate is put under the frog, 
which is secured to it by the screw spikes. In 
American practice the slide plates are usually 
‘guite thin, and the sliding surfaces stamped but 
lightly above the level of the plate, so that a 
crust of oil and dirt soon forms level with the 
#liding surface. In this German track, however, 
the plates themselves are heavier, and the sliding 
faces are raised very much higher, so that they 
are less liable to be encroached upon by dust and 
dirt. 

We do not say that this character of track is 
to be found on every railway in Germany, but from 
what we have heard and seen we think it safe to 
say that it is used on all important main lines. 
And it must be borne in mind that while this rep- 
resents German practice only, the railways of 
other European countries present the same con- 
ditions. The engineer interested in track con- 
strugtion may spend half an hour with profit in 
the Austrian Building, at the Exhibition, examin- 
ing the volumes of drawings of standard track 
construction; and there are other interesting ex- 
hibits relative to British, French and Belgian 
track construction. Of course, the improvement 
of track does not lie entirely or mainly with the 
engineer, but he is the man who should compre- 
hend the situation and be able to impress upon 
his superiors the advantages and economies of 
better track construction. 


There is one other point to be considered in 
this connection, and that is the question of main- 
tenance. Here, again, the American railways do 
not show to advantage. Whatever may be the 
conditions in individual districts, the average 
condition is that the work is continuous and 
pressing, must be done over and over agatn, and 
is a constant drain in the way of expenses. The 
cleaning and reconstruction of ditches in cuts 
with improperly trimmed or unprotected slopes 
is one of the most frequent, troublesome and ex- 
pensive items in this class of work. In many 
cases it would be a matter of evident economy to 
take up the problem in earnest, discover the 
proper remedy, and carry out such work as wll 
permanently stop this trouble. But this means 
a definite and large individual expenditure, and 
the company considers that it cannot afford this. 
As a result, the continual but unnoticed drain of 
expense in “maintenance” and temporary repairs 
is allowed to continue. 


There appears to be very little definite knowl- 
edge of the cost of maintenance of way on indi- 
vidual railways, and in response to recent inquir- 
ies in this matter several engineers have frankly 
stated that no figures are available except those 
of the anaual reports. These reports give (out- 
side the °perating expenses) annual expenditures 
for “maiytenance of way and structures,” which 
is sometimes subdivided into rail renewals, road- 
way, repairs, etc. From this may be ascertainei 
the averate expenditure per mile for the entire 
road; but the amount of labor represented by 
this expei'Giture is an unknown quantity. Fol- 
lowing thi® method, however, we obtain the fol- 
lowing figures as the average of six or eight lead- 
ing lines i different parts of the country: 


Eastern Middle Western 
States. States. Siates. 
M2intenPnce at Way: 


Per mile of road ........+... $1,747 $850 $724 
Per of track ...... 542 347 
Maintenance way and struc- 
tures: 
Per mile of ..... - 2.381 1,234 1,020 
Per mile of 1,593 745 759 


As to tt maintenanee force, the work is 
largely in tite hands of the foremen and their 
gangs, and t¥e best men are continually leaving, 
their places being filled with green men, who 


have to pick up their knowledge as best th 
and at the expense of the railway co: 
This is due largely to the low scale of Wags 
also to the common practice of keeping the 
forces normally down to the minimum « 
creasing them temporarily when any iat 
work is to be done. The employment of f 
labor of the cheapest class is also a matter 
reckoned with in regard to efficiency and «.. 

of work accomplished. In Europe, the wor! 
pears to be planned and executed with m., 
gard to future and permanent results, th. 
more skilled supervision of the maintenance 
and the section men engage permanently j 
class of labor. Thus with a more substanti,| 
struction, a more far-sighted policy of mai: 
ance, and a more efficient grade of lab ir, 
maintenance should be more economical. 
figures are available for comparison as to 
direct cost of this class of work, but it is eas: 
see that maintenance of way should cost less 
show better results under these conditions, 1} 
when carried out under a “piecemeal” or te: 
porising policy by a force of men who are evon- 
tinually changing. 

With all allowance for individual cases of «x. 
cellence and for improvements made, it must be 
acknowledged that the track, with its construc- 
tion and maintenance, is one of the weak spcts 
of the American railway system. It seems, there- 
fore, that, as already remarked, American rail- 
ways might well adopt a broader policy in the 
administration of this department, and might ob- 
tain valuable information (pointing the way to 
important results) by sending their engineers to 
investigate European practice in track  con- 
struction and equipment and in the work of 
maintenance of way. 


LETTERS TO THE EDITOR. 


Standards Adopted by Manufacturers of Hydrated Lime. 


Sir: The majority of the hydrated lime manufacturers 
of the United States met at Detroit in July of this year, 
and, among other things considered, it was decided to 
adopt a general standard for bagging and selling this 
product. Conforming with this understanding we have 
issued the card herewith enclosed which shows ihe stand- 
ards adopted by the meeting. 

This is a steadily growing industry and there are now 
between 15 and 20 manufacturers of hydrated lime in the 
United States, with a daily output of over 500 tons, and 
considering this it seems wise to adopt some general 
standard to become generally known to the trade, such 
ao exists in the cement industry. 

We thought this information might be of interest to 


many of your subscribers in the contracting line. 


Very truly yours, Chas. Warner, 
Vice-Pres. Charles Warner Co. 
Wilmington, Del., Sept. 1, 1904. 


(The standards adopted, which took effect Sept. 
1, are as follows—Ed.): 

BAGS.—A heavy, cisely woven burlap or duck bag, 
containing 100 ibs., 20 bags to the ton. A paper bag 
containing 40 lbs., 50 tags to the toa. 

QUOTATIONS.—All quotations are made including the 
cost of the package, no bulk quotations being made. 

KELURNED SACKS.—The burlap or duck bags will be 
repurchased from the cusiomer at ten cents each, when 
re.urned to the mill iu good condition, f:eight prepaid. 

TERMS OF SETTLEMENT.—A discount of 1% will be 
allowed for cash in teu days, the discount to be taken on 
the full price including the bags, f. o. b. manufacturer's 
plant or shipping point. Net cash 30 days. 


The Value of Fine Grinding of Cement. 


Sir: The writer is much interested in the article on page 
112 in your issue of Aug. 4, in reference to fine grinding 
of cement. 

You hare apparently overlooked the fact that some 
months ago you published an article on the Edison Ce- 
ment Mill, in which one of the principal points involved 
was the fine grinding of cement by special machinery. 

We find after testing all well-known brands of cement 
that the fine grinding results in a very marked increase 
of strength as time progresses. While a 7-day test of 
finely ground cement may not show a marked difference 
as compared with a cement ground to ordinary fineness, 
it has been demonstrated that the strength increases with 
age, and the percentage of increased strength is very 
marked. In a recent. test where the Edison brand was 
tested in comparison wath three of the highest grades of 
Portiand cement on the market, it was demonstrated that 
the average of the other three cements showed an in- 
creaced strength in 28 days as compared with 7, of an av- 
erage of 17%, while the incrénse strength from the 
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_n brand was 71%. We believe that a large part of 
advantage is due to the fine grinding. 

+ correspondents are correct in stating that fine 
ung decreases output and increases cost, and this 
-9 doubt always be the case with any kind of ma- 
ey. We have the same experience at the Edison 

‘where the output at 75% through 200 mesh would 
out one-third greater than with our present stand- 
f 85% through 200, but we have so clearly demon- 
ed the superiority of the finely ground cement that 
nave decided to maintain our standard at 85%. feel- 
quite sure that the engineers know what they are 
it in requiring the greater fineness, although it is 
» to understand why the cement mills resist the ne- 
ty of meeting such stringent requirements so long 
resent standards will pass muster. 

Yours very truly, W. S. Pilling, 
Treasurer, The Edison Portland Cement Co. 

Girard Trust Bldg., Philadelphia, Aug. 12, 1904. 


The Grand Trunk Pacific Railway and American Engineers. 


sir: In reference to the subject discussed in your edi- 
torial of Aug. 4 and various letters contained in your 
issue of Aug. 25 relating to the employment of American 
engineers on the surveys of the Grand Trunk Pacific al- 
low me to state the following facts: 

The original scheme of the Grand Trunk Pacific was the 
building of a railway from North Bay, Gravenhurst, or 
some other point in western Ontario to the Pacific at or 
near Port Simpson; this project was enlarged by in- 
fluences outside of the Grand Trunk management to its 
present proport’on, that is the building of a trunk line 
railway from Moncton, New Brunswick, to a port on the 
Pacific, presumably Port Simpson. The original scheme 
was by no means a national undertaking. 

To undertake its direction Mr. Hays engaged Mr. J. R. 
Stephens as Chief Assistant Engineer of the Grand Trunk 
Ry. upon the recommendation of Mr. J. W. Kendrick, 3d 
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Vice-President of the Atchison, Topeka & Santa Fe R. R., 
and himself an able engineer. Such a recommendation 
would be deemed sufiicient by any railroad manager 
whether the person were a member of any recognized 
engineering society or not. 

Mr. Stephens in turn offered positions as division en- 
gineers to such of his acquaintances as were personally 
known to him to be able to fill the places. There were 
only three such positions to be filled, and these were of- 
fered to gentlemen irrespective of their nationality. One 
of those who declined was a Canadian; one who accepted 
was a native-born Canadian. 

I do not know what the policy was on the Middle and 
Western divisions, as no reliance can be placed in the 
frenzied, hysterical and distorted reports of the public 
press, but on the eastern division preference was always 
given to Canadians or British subjects, and out of 150 
persons employed on tais division only four are Ameri- 
ean citizens, or about 234%. As regards compensation, 
there is no difference in the pay of similar positions on 
— of nationality, but for the reason of prior expe- 
rience. 

The Kyle letter, which really constitutes the main and 
most offensive incident of the investigation, is regretta- 
ble and inexcusable; but it voices only the individual 
opinion of a man who has had small or no experience 
with Canad'an engineers, and therefore was in no position 
to either give an opinion or form a judgment. This is the 
most charitable view one can take of it. The writer has 
come in direct contact with many Canadian and Ameri- 
can engineers and knows of no distinction as to their com- 
parative merits. 

As regards the alien labor law, there is no doubt that 
the framers of the law had in mind. ‘manual labor” 
when using the term labor and never intended it to ap- 
ply to and to include professional services of any kind. 


By an act passed in the United States in 1893, I believe, 
profesgional men, including engineers were exempted from 
the provision of the law. As the Canadian law is only 
operative against countries that exclude Canadians, it fs 


_questionable whether American engineers, entering Can- 


ada under contract, could be legally deported. So far 
no one has been officia!ly deported; in the only case where 
such an attempt was made, a stay of proceedings has been 
granted. 

To my knowledge it is the prevalent custom in railway 
service on both sides of the International boundry to 
hire such men as appear fit to fill vacancies wherever they 
can be found irrespeciive of nationality. A large num- 
ber of my persona! friends and acquaintances, all native- 
born Canadians have accepted and hold positions in the 
United States under exactly the same conditions and 
circumstances as the American engineers on the Grand 
Trunk Pacific. In fact, the United States has been the 
Mecca and medium of many Canadian engineers; 10% of 
the active members of the Canadian Society of. Engineers 
are residents of the United States. 

If the Canadian Alien Labor Law is really effective 
against professional men, than it should be also enforced 
against actors, and asy alien member of a theatrical 
troop entering Canada under contract or prior arrange- 
ment should also be excluded, there can be no discrimina- 
tion as to professions. 

If the building of the Grand Trunk Pacific Railway is 
strictly a national enterprise, in the same sense as the 
completion of the Pazama Canal will be for the United 
States, then the engineering part should be taken out 
of politics and appoimtments should be made by com- 
petitive civil service examination under conditions similar 
to those on national and state works in the United States 
and not by political pull. 

In the mean time a few Americans have entered Canada 
and are doing work for the development of the country, 
the same as Sir William Van Horne, Sir Thomas Shaugh- 
nessy and other able Americans who also were ‘aliens 
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pure and simple,’’ when they entered the country; sev- 
eral of the new-comers had acquired property and built 
homes for themselves and families prior to becoming citi- 
zens, when mainly by the agitation of the Dominion In- 
stitute of Amalgamated Engineering for British Columbia 
(an institute which applied for close corporative powers in 
the Manitoba legislature about two years ago, but had 
their application refused on the ground that the Canadian 
Society of Civil Engineers already covered the field) an 
investigation was instigated. 

This investigation made mountains out of mole hills and 
was all at variance with the general policy of the Domin- 
ion, which is to attract desirable immigration. An absurd, 
ridiculous and impenetrable labor law principally aimed 
against Americans and which would have done credit to 
some pig-tailed hermit nation was introduced in Parlia- 
ment and passed by the lcwer house, but shelved by the 
Senate. 

Now that the investigation is over wis wonder what it 
was all about, but perhaps the investigator feels like the 
old soldier of the battle of Blenheim and can say to an 
admiring constituency: ‘It was a famous victory!” 
An American Engineer in Canada and M. Can. Soc. C. E. 

Aug. 29, 1904. 


A PRO3SLEM IN LOCATING TURNOUTS. 
By C. M. Kurtz.* 
Existing field books give methods for connecting 
a curve and a tangent to another curve, but 
these rarely prove practicable in ordinary work in 
laying out tracks, on account of the entire d‘s- 
regard of the fact that one must use a frog of a 


*Chief Draftsman, Engineering Department, Assistant 
Engineer’s Office, Southern Pacific Co., Ogden, Utah. 


certain angle of which the roadmaster has a 
supply for such work. In applying the problems 
as found in the field books where a turnout is to 
form a connection with an established tangent, 
the engineer is restricted to the use of but one 
eurve, the degree of which is that of the theo- 
retical curve of the turnout, which equals the de- 
,sree of curve of turnout from a straight track 
plus or minus the degree of the curve of the 
track from which the turnout springs. The use 
of this one curve will rarely prove desirable on 
account of its being either too sharp or too flat. 

As shown in the accompanying figures, four 
general cases of the problem present themselves. 
The necessary field work in each case consists in 
measuring the angle between the center line of 
tangent and the tangent to the center line of the 
curve at the point of intersection; or better yet, 
the angle between a line offset one-half the gage, 
and the rail which will pass through the frog, 
as the latter will simplify the problem, and the 
radius of the rail is determined simultaneously 
by measuring the middle ordinates for one or 
more chords. 

Having the angle of intersection as described 
above, the radius of the curved track, and the angle 
of the frog to be used, end having selected a ra- 
dius for the connecting curve, the essentials of the 
location are—the “distance between the point of 
intersection and the point of frog, the central 
angle of the connecting curve and the distance 
between the point of intersection and the B. C. of 
connecting curve. 

The following solutions offer ready and ac- 
eurate methods of obtaining the above-named 
points: 

In the figures, let C A represent a line offset 
one-half the gage from the center line tangent, 
which is to be connected with the gage line of the 
rail of the curved track by means of a fror hav- 
ing an angle of F and a curve whose radius is 


Curves in same 
direction. ~less than v0" 
R’ less than R cos @- 


Case 4 a. Curves in same Care 4 b. 


direction. less than 
R’ greater than R cos a. 


R’. O and O’ are the centers, I the point of inter- 
section where the angle a has been measured, and 
the other notation as shown in the figures. The 
rail opposite the frog, and the switch rails are 
not shown as they have no bearing upon the prob- 
lem. Required to determine the angle I O F. 

Then measured on the curve, 

IF=R angle 10 Fin minutes x a constant 
(= 0,00, 29089), or Chord IF = 2 Rx sin» IOP. 
OB 


In the triangle O O’ B, Cos O’O B= So 


O O’ is determined by solving the triangle O 
F O’ of which the angle F and its including sides 
R and R’ are known. This also determines the 
angles F O’ O and FOO’. 

Cases 1 and 3. OB=BC+0C 
Reosae 

OB=BC—OC 
= R’—Reosa« 

OB=OC—BC 
= KReos« — RB’ 

It should then be noted that when O B is com- 
puted to be greater than O O’, impossible condi- 
tions have been imposed; the radius of the con- 
necting curve has been taken too large. 

Having determined the angle O’ O B, from the 
figures: 
Cases 1 and 2a. 
C1ses 3 and 4a, 


Cases 2a and 4a. 


Cases 2b and 4b. 


IOF=« —(FO0O'+0' OR) 

IO F = 180° —'4 + FO0O'+0'CB) 
Case 4b. 

Case 2b, IO F 
Cases land2a. AO’ F=0'OB—FO'O 
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Cases 3and 4a. AO' F=—FO'O—O'OB 
Case 4b. AO’ F=FO' — (180° — 0’ OB) 
Case 2b, A U' F = 180° — (0'O B + FO’ O) 


To determine the distance A I: 
Casesland2. 
O' OsinO’OB— Rain«x 
Oases3and4. 

The engineer should be careful to add or sub- 
tract one-half the gage to the center line radii, 
as the case may require. 

The point A which is the B. C. of the connect- 
ing curve, and the point F which is the theoretical 
point of frog and E. C. of the connecting curve 
can now be readily fixed in the field and the en- 
tire connection staked out. 

While the writer realizes that it is better prac- 
tice to pass the frog end of the connecting curve 
at the heel of the frog, to impose that condi- 
tion in the above problem would complicate it 
beyond measure. In inserting 10 or 15-ft. frogs 
in a curved track, the trackman cannot help 
slightly changing the original alinement of the 
track at that point, and energy spent in making 
a closer solution than that outlined above will 
sureiy be wasted. 


ANNUAL MEETING OF THE SOCIETY FOR THE PROMO- 
TION OF ENGINEERING EDUCATION. 
By J. L. Van Ornum,* M. Am. Soc. C. E. 

The twelfth annual convention of the Society 
for the Promotion of Engineering Education was 
held in the lecture hall of the Palace of Educa- 
tion of the Louisiana Purchase Exposition, St. 
Louls, Missouri, Sept. 1, 2 and 3, 1904, Meetings 
for the transaction of business and for the read- 
ing and discussion of reports’ and papers, were 
held mornings and evenings, leaving the after- 
noons free for the study of the exposition and its 
exhibits. The number of members present ranks 
this convention among the best attended ones of 
the society. 

The reports of the secretary and treasurer show 
the society to be in excellent condition. New 
members elected during the year just closed in- 
crease the membership more than 150%, and the 
balance in the treasury of the society was in- 
creased by a larger percentage than that just 
given. The loyal interest of the officers and mem- 
bers in the society promises useful work in a field 
of endeavor which means much to the educational 
and engineering interests of the country 

The presidential address of Professor C. Frank 
Allen was a scholarly presentation of “The Out- 
lock for Engineering Education.’ After review- 
ing the present development of engineering edu- 
cation as it exists in this country, he showed that 
the number of engineering graduates has_ in- 
creased four times as fast as has the population 
of the republic, in the last decade, in response 
to the general demand for trained engineers. 
From the various circumstances now evident, he 
concluded that the supply of young men grad- 
uating from our engineering colleges will soon 
exceed the demand for young engineers. It was 
not thought that the discrepancy would be ad- 
justed by any corresponding reduction in the 
number of engineering graduates in the future; 
but rather it is believed that the qualifications 
of diligence, close reasoning, accurate observation 
and ready apprehension of the significance of ob- 
served facts (which are among the aims of engi- 
neering courses) will lead a considerable propor- 
tion of the future graduates to find their oppor- 
tunity as engineering contractors, managers of 
manufacturing and commercial enterprises, and 
also to an increasing extent among those who 
enter upon teaching, journalism and other similar 
voeations for their life’s work. 

The five standing committees, on “Entrance 
Reauirements for Engineering Colleges,”’ on “Sta- 
tistics of Engineering Education,” on “Industrial 
Education,” on “Technical Books for Libraries” 
and on “Requirements for Graduation,” all made 
reports of the investigations and progress they 
have so far made, and were continued for an- 
other year. The last-named committee made an 
extensive report, giving its opinion of the mini- 
mum requirements, in subjects and hours de- 
voted to each, which should be met by an engi- 


Professor of Civil Engineering, Washington University, 
St. Louis, Mo. 


neering college before feranting the first degree 
in Civil, Mechanical, Egectrical or Mining Engi- 
neering. After: consid? rable discussion it was 
agreed that the report ¢’overed a field so exten- 
sive and with so muc™ detail that the report, 
printed in full, should #e in the hands of each 
member in order to sec}re thorough and intelli- 
gent discussion; conseqvU€ntly further considera- 
tion was postponed to t¥e next annual meeting. 
It may here be said that, while this investigation 
does not consider entire “niformity in the engi- 
neering courses of the ‘‘ifferent colleges either 
attainable or desirable, gat advantages will re- 
sult from adopting a ni/nimum standard for 
graduation; and from the discussion of the va- 
rfous courses and hours ‘evoted to each course 
bringing out the diverse o/’inions upon the value 
and essentiality of each cov'se. The investigations 
of the various committees 4“ e undoubtedly among 
the most valuable results @ the society's activi- 
ties, 

Thursday evening’s meeti)': was devoted to the 
general consideration of the, preparation and dif- 
fusion of knowledge of engSneering history and 
biography. Professor Fletcger’s paper on “A 
Practical Method of Instructing Students in the 
Biography and History of Ti'eir Profession’ was 
a valuable contribution whict'; like all those read 
at the convention, must be re’'d in its entirety in 
order to be appreciated. In ‘brief, it was con- 
sidered that the history of ei'gineering could be 
successfully written and wou!'l form a valuable 
addition to engineering literatitre, while its biog- 
raphy is so extensive and cor'plex that its ar- 
rangement would be a very dificult matter. In 
connection with the latter conkideration, it was 
stated that a “card index,” eecially of bio- 
graphical sketches in current eAgineering litera- 
ture, would aid in systematizhig biographical 
study. Mr. Waddell’s paper, réad by Professor 
Talbot, suggested the publicatiom of a history of 
engineering by four or five select¢eri authors. Dis- 
cussion developed the feeling that the success of 
such publication would depend ¢ssentially upon 
the peculiar adaptation of those selected to work 
of this kind, and that probably those wHose per- 
sonal qualifications would give ptomise of suc- 
cessful results would probably be found to be too 
busy to undertake such a “labor of love.” As 
Mr. Waddell’s paper was not available for refer- 
ence by the special committee on “Froposit‘on for 
a History of the Engineering Professions,” this 
committee was continued for another year. - 

Professor Humphrey’s paper, Friday mcrning, 
considered the important subject of “The C rowd- 
ing of the Curriculum.” He emphasized tge de- 
sirability of a student's utilizing the three mpnths 
of the summer vacation in obtaining practicél ex- 
perience in the line of his future profesonal 
work, instead of attempting to use these m(nths 
in study to enlarge his curriculum; he took issue 
with a recent statement of Mr. Waddell that for- 
eign languages may well give way to other 
courses; and he advocated the postponemen! of 
specialization, for the most part, until after’ the 
four-year course. As in the case of most of ‘he 
papers, the discussion was extensive; and, wl ile 
it developed various opinions, it was mainly e'®- 
ployed in accentuating certain important conc] 
sions of the author. 

The papers on “Co-operation in Engineering I''- 
vestigation,” by Professor Talbot; “An Industri‘ 
Catalogue Library,” by Professor Mack,” ‘“‘Techn)> 
cal Education at the Naval Academy,” by Prc~ 
fessor Hollis; “Summer School in Mining,” by 
Professor Munroe; “Field Work in Civil Engineer’ 
ing at Iowa State College,’ by Professor Marston; 
and“The Preparation of Engineering Text Books,”*¢ 
by Mr. Powell, were all valuable contributions in_ 


their special lines, and will add materially to our’ 


to retain for them as much as possible o: 
personal quality of instruction and interes: 
forms one of the advantages of smaller ¢0)) 
was a great reason for establishing this 
The mathematical papers of Professor Maur: 
“Absolute and Gravitational Systems of Dyn 
Units,” and of Professors Kenyon and Gro.. 
“Teaching Calculus to Engineering Students 
dicated the advance that has been made. 
recent years, both in teaching mathematica! - 
jects lucidly and pertinently, and in illustr: 
these subjects continuously by applications to 
tain practical problems in a way to show 
student the direct bearing of the subject upo:, 
subsequent professtonal studies and his later ; 
fessional life. 

The officers elected to serve during the con 
year, were as follows: President, T. W. McN:. 
President of the Michigan College of Mines; Vi. 
Presidents, Elwood Mead, University of (Ca 
fornia, and C. R. Jones, University of West vi-- 
ginia; Secretary, Milo S. Ketchum, University of 
Colorado; Treasurer, F. P. Spalding, University of 
Missouri; Members of the Council, to serve for 
three years, Professors Thomas Gray, C A. Wa!- 
do, A. N. Talbot, J. C. Nagle, W. G. Raymond, L. 
E. Reber and R. S. Woodward. 


THE GRAND TRUNK PACIFIC RY. officers are mak- 
ing a transcontinental trip through Canada, visiting the 
principal cities on the line of the new road and als 
visiting sites for the Pacific coast terminal and port. At 
Winnipeg it is probable that the line will enter the large 
union station now under construction for the Canadian 
Pacific Ry. It is stated that a Pacific steamship line in 
connection with the Grand Trunk Pacific Ry. will be 
operated by the Allan Steamship Co. Included in the 
party were Mr. Charles M. Hays, President; Mr. Stephens, 
Engineer of Surveys, and Mr. Hobson, Chief Engineer of 
the Grand Trunk Ry. The eastern division of the line be- 
tween Moncton (New Brunswick) and Winnipeg (Man!- 
toba) is to be built under the direction of a special com- 
mission, this being one of the requirements of the act as 
passed by the government. This Transcontinental Rail- 
way Commission (whose jurisdiction will include the con- 
struction and operation) is composed of the following 
members: F. B. Waue, of Digby; A. Brunet, of Mon- 
treal; R. Reid, of Lonacon, and C. A. Young, of Winnipeg. 
It has as its Chief Engineer Mr. H. D. Lumsden, while 
the Secretary is Mr. P. B. Ryan, of Ottawa. 

AMERICAN MANUFACTURERS OF MINING AND 
hydraulic machinery and appliances, and machin- 
ery and tools used in the glass and ceramic industries 
are urged by Mr. Julius G. Lay, Consul-General at Bar- 
celona, Spain, to take part in the exhibition of such ma- 
chinery and tools at Barcelona. The exhibition will open 
on Sept. 25, 1904. American exhibits will be admitted as 
late as December, provided applications for space are 
made by Sept. 25. Up to July 18, Mr. Lay had not heard 
of a single proposed American exhibit. 


> 


A WATER POLLUTION SUIT HAS BEEN WON by 
the city of Baltimore, Md. The circuit court has en- 
joined a farmer named Edward A. Cockey from allowing 
any impure matter to enter drains tributary to the Gun- 
powder River, which is one of the sources of the water 
supply of the city. 


A BAD RAILWAY ACCIDENT on the Grand Trunk Ry., 
near Richmond, P. Q., on Aug. 31, caused the death of 
about ten persons. A west-bound express and an east- 
bound special excursion train collided because the crew of 
the special forgot to stop at the meeting-place specified in 
their orders. 


AN ELEVATOR ACCIDENT in Pittsburg, Pa., on Aug. 
81, 1904, injured one person fatally and four others less 
seriously. A passenger elevator in the Park Building was 
going down from the fourteenth floor when the operator, 
according to newspaper reports, discovered that he had 
lost control of the cage. The descent was made with 
lightning-like rapidity until the first floor was reached, 
when the safety clutch became effective and the car was 

. stopped before reaching the basement. 
The sudden stopping of the car caused injuries to the 


literature upon these subjects. The discussion ® gye passengers as above noted. 
upon field work for engineering students was es- z + 


pecially varied. 

Saturday morning Professor Burton described 
the “Work of the Dean of the Faculty of the 
Massachusetts Institute of Technology,” describ- 
ing it as comprising the matter of discipline and 
of forming a distinctive connection between the 
body of students and the faculty, the general 
oversight of freshman work, and the position of 
consulting officer. The need of such an officer 
in universities having a large attendance in order 


< AN EXPLOSION OF 800 KEGS OF POWDER occurred 
Aug. 31 at the works of the Laflin Powder Co. near 
?unxsutawney, Pa. All the buildings of the plant were 
ked, one man was killed and three badly injured. 
Pnis is the third explosion at these works in two years. 
“a NEW ALASKAN CABLE, connecting Skagway, 
*aska, with Seattle, Wash., was formally opened for 
prisiness on Aug. 30, 1904. Commercial cable rates will 
materially reduced by the new cable, though press 
are not affected. 
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